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THIADIAZOLE COMPONENTS,
COMPOSITIONS, AND METHODS

BACKGROUND

Copper, bronze, brass, and alloys thereof, commonly
referred to as “vellow metals™ are used throughout multiple
industries. For example, gears used in the automotive and
mimng industries typically include yellow metal compo-
nents. Elliciently preventing or reducing the corrosion of
yellow metal can be important.

Therefore, many additives have been devised that address
corrosion, imncluding yellow metal corrosion. Commercially
available yellow metal corrosion inhibitors include thiadi-
azole-based products. The majority of the commercially
available thiadiazole-based products, however, typically
include a relatively high weight percentage, e.g., >80%, of
a bis-alkyl-di-sulfanyl thiadiazole species. Typically, the
relatively high weight percentage of the bis-alkyl-di-sulia-
nyl thiadiazole species 1s included 1n an attempt to increase
the solubility of the yellow metal corrosion inhibitor 1n a
diluent, such as a base oil.

These additives, however, typically lack efliciency and/or
present one or more difliculties regarding the solubility of at

least one component of the additives.

BRIEF SUMMARY

Provided herein are compositions comprising a thiadiaz-
ole component and a solubility enhancing component. In
embodiments, the thiadiazole component comprises 3-(C,-
C;, hydrocarbyl-disulfanyl)-1,3,4-thiadiazole-2-thiol and
2,5-b1s(C,-C,, hydrocarbyl-disulfanyl)-1,3,4-thiadiazole;
and the solubility enhancing component comprises a disper-
sant, a detergent, or a combination thereof. In one embodi-
ment, the weight ratio of the solubility enhancing compo-

nent to the thiadiazole component 1s about 1:99 to about
90:10, and the weight ratio of the 5-(C,-C;, hydrocarbyl-

disulfanyl)-1,3,4-thiadiazole-2-thiol to the 2,5-bis(C,-C;,
hydrocarbyl-disulfanyl)-1,3.,4-thiadiazole 1s about 20:80 to
about 99.9:0.1.

Also provided herein are methods of forming a thiadiaz-
ole component. In embodiments, the methods comprise
providing a mixture comprising a C,-C;, hydrocarbyl thiol,
2,5-dimercapto-1,3,4-thiadiazole, and a polar liquid; and
contacting the mixture with hydrogen peroxide to form the
thiadiazole component, wherein the thiadiazole component
comprises 5-(C,-C,, hydrocarbyl-disulfanyl)-1,3,4-thiadi-
azole-2-thiol and 2,5-bi1s(C,-C,, hydrocarbyl-disulfanyl)-1,
3.4-thiadiazole at a weight ratio of about 20:80 to about
99.9:0.1 of the 3-(C,-C,, hydrocarbyl-disulfanyl)-1,3,4-
thiadiazole-2-thiol to the 2,35-b1s(C,-C;, hydrocarbyl-disul-
tanyl)-1,3,4-thiadiazole. The polar liquid also may include
tetrahydrofuran (THF), ethyl acetate, dimethylformamide
(DMF), C,-C,, alcohol, water, or a combination thereof. In
one embodiment, the molar ratio of the C,-C,, hydrocarbyl
thiol to the 2,5-dimercapto-1,3,4-thiadiazole 1n the mixture
1s about 0.8:1 to about 2:1.

Also provided herein are methods of forming composi-
tions. The methods of forming compositions, in embodi-
ments, comprise providing a thiadiazole component com-
prising 3-(C,-Csq hydrocarbyl-disultanyl)-1,3,4-
thiadiazole-2-thiol and  2,5-bi1s(C,-C,, hydrocarbyl-
disulfanyl)-1,3,4-thiadiazole at a weight ratio of about 20:80
to about 99.9:0.1 of the 5-(C,-C;, hydrocarbyl-disulfanyl)-
1,3.4-thiadiazole-2-thiol to the 2,5-b1s(C,-C,, hydrocarbyl-
disulfanyl)-1,3,4-thiadiazole; providing a solubility enhanc-
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ing component comprising a dispersant, a detergent, or a
combination thereof; and combining the thiadiazole com-

ponent and the solubility enhancing component to form the
composition.

Also provided herein are lubricating compositions and
grease compositions. In embodiments, the lubricating com-
positions and grease compositions comprise a first compo-
sition comprising [1] a thiadiazole component consisting of
5-(C,-C,, hydrocarbyl-disultanyl)-1,3,4-thiadiazole-2-thiol
and 2,5-b1s(C,-C5, hydrocarbyl-disultanyl)-1,3,4-thiadiaz-
ole, and [2] a solubility enhancing component consisting of
a dispersant, a detergent, or the dispersant and the detergent;
and a first base o1l; wherein the weight ratio of the solubility
enhancing component to the thiadiazole component 1s about

1:99 to about 90:10, and the weight ratio of the 5-(C,-C;,
hydrocarbyl-disultanyl)-1,3,4-thiadiazole-2-thiol to the 2,5-
b1s(C,-C,, hydrocarbyl-disulfanyl)-1,3,4-thiadiazole 1s
about 20:80 to about 99.9:0.1, and the first composition 1s
present in the lubricating composition or grease composition
in an amount of about 0.01% to about 20% by weight of the
lubricating composition or grease composition. In one
embodiment, the first composition further comprises a sec-
ond base o1l. The first base o1l and the second base o1l may
be or include the same base 01l(s) or different base oils.

DETAILED DESCRIPTION

Provided herein are compositions, and methods for mak-
ing compositions, that efliciently reduce or eliminate yellow
metal corrosion, and substantially all of the contents of the
compositions remain at least substantially soluble, for
example, 1n a base o1l. The compositions provided herein
generally include a thiadiazole component and a solubility
enhancing component. The thiadiazole component may
include a minimum amount of 5-(C,-C,, hydrocarbyl-dis-
ultanyl)-1,3,4-thiadiazole-2-thiol, which 1s believed to
improve the etliciency of the compositions provided herein.
Although including at least a mimimum amount of 3-(C,-C;,
hydrocarbyl-disultanyl)-1,3,4-thiadiazole-2-thiol 1s believed
to improve the efliciency of the compositions, higher weight
percentages of the 5-(C,-C;, hydrocarbyl-disulfanyl)-1,3.4-
thiadiazole-2-thiol can present one or more difliculties
regarding solubility, but these difficulties are at least par-
tially addressed by the solubility enhancing component
provided herein. The solubility enhancing component gen-
crally comprises a dispersant, a detergent, or a combination
thereof.

In embodiments, the composition provided herein 1s a
lubricant additive or a grease additive.

Thiadiazole Component

In one embodiment, the thiadiazole component comprises
5-(C,-C;, hydrocarbyl-disulfanyl)-1,3,4-thiadiazole-2-thiol.
In another embodiment, the thiadiazole component com-
prises 5-(C,-C,, hydrocarbyl-disultanyl)-1,3,4-thiadiazole-
2-thiol and 2,5-bis(C,-C5, hydrocarbyl-disultanyl)-1,3,4-
thiadiazole. The thiadiazole component also may include
one or more of the additives described herein, including, but
not limited to, a diluent, such as a base oil.

The 5-(C,-C;, hydrocarbyl-disultanyl)-1,3,4-thiadiazole-
2-thiol may have the following generic structure:

S
/S SH.
[C5-C39 hydrocarbyl ~_ q \ /
N—N
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The 2,5-b1s(C,-C;, hydrocarbyl-disulfanyl)-1,3,4-thiadi-
azole may have the following generic structure:

S
S S
[C5-C30 hydrocarbyl 4 o/ \( >/ N\ A C2Cs0 hydrocarbyl],
N—N

In one embodiment, the thiadiazole component consists
essentially of 5-(C,-C;, hydrocarbyl-disulfanyl)-1,3,4-thia-
diazole-2-thiol. In another embodiment, the thiadiazole
component consists essentially of 5-(C,-C,, hydrocarbyl-
disulfanyl)-1,3,4-thiadiazole-2-thiol and 2,5-b1s(C,-C;,
hydrocarbyl-disulfanyl)-1,3,4-thiadiazole. = When  used
herein to describe the thiadiazole component, the phrases
“consists essentially of” or “consisting essentially of” refer
to thiadiazole components that include the recited elements,
or the recited elements and one or more other materials that
do not materially affect the basic and novel characteristics of
the thiadiazole component, which may include [1] one or
more additives, such as those described herein, for example,
one or more diluents, such as a base oil, [2] one or more
unreacted starting materials, such as C,-C,, hydrocarbyl
thiols and 3-dimercapto-1,3.4-thiadiazole, [3] a polar liquid
in which the thiadiazole component 1s formed, [4] hydrogen
peroxide, and [5] any by-products of the reaction used to
form the thiadiazole component. The by-products can
include dimers and/or oligomers of [1] the starting materials
and/or [2] products of the reaction used to form the thiadi-
azole component. Non-limiting examples of by-products
include C,-C,, hydrocarbyl-C,-C,,-hydrocarbyl disulfane
and a compound of the following generic structure:

S
S S
[Co-C30 hydrocarbyl 4w o/ \< 7/ \S S !
N—N \( ?/ N
N—N

The weight ratio of the 5-(C,-C,, hydrocarbyl-disulfa-
nyl)-1,3.4-thiadiazole-2-thiol to the 2,5-bis(C,-C,, hydro-
carbyl-disulfanyl)-1,3,4-thiadiazole may be about 20:80 to
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about 99.9:0.1. In one embodiment, the weight ratio of the
5-(C,-C,, hydrocarbyl-disulfanyl)-1,3,4-thiadiazole-2-thiol
to the 2,3-bi1s(C,-C;, hydrocarbyl-disulfanyl)-1,3,4-thiadi-
azole 1s about 60:40 to about 80:20.

The phrases “C,-C,, hydrocarbyl,” “C,-C,, hydrocar-
byl,” “C,-C, hydrocarbyl,” and the like, as used herein,
include an aliphatic group, a cyclic group, or any combina-
tion thereof; any substituted derivative thereot, including but
not limited to any halide-, alkoxide-, or amide-substituted
derivative thereolf, that respectively has 2 to 30 carbon
atoms, 8 to 18 carbon atoms, 2 to 4 carbon atoms, etc. Also
included 1n the foregoing definitions are any unsubstituted,
branched, or linear analogs thereof. The hydrocarbyls may
be substituted with one or more functional moieties selected

from a hydroxyl, a halide, an ether, a ketone, an ester, an
amine, an amide, a nitrile, a heterocycle comprising at least
one N-, O-, or S-heteroatom, an aldehyde, a thioether, an
imine, a sulfone, a carbonate, a urethane, a urea, or an 1mide.

Examples of aliphatic groups, 1n each instance, include,
but are not limited to, an alkyl group, a cycloalkyl group, an
alkenyl group, a cycloalkenyl group, an alkynyl group, an
alkadienyl group, a cyclic group, and the like, and 1ncludes
all substituted, unsubstituted, branched, and linear analogs
or derivatives thereol. Examples of alkyl groups include, but
are not limited to, methyl, ethyl, propyl, 1sopropyl, n-butyl,
t-butyl, 1sobutyl, pentyl, hexyl, 1sohexyl, heptyl, 4,4-dim-
cthylpentyl, octyl, 2,2, 4-trimethylpentyl, nonyl, t-nonyl,
decyl, t-decyl, undecyl, t-undecyl, dodecyl, t-dodecyl, tri-
decyl, t-tridecyl, tetradecyl, t-tetradecyl, pentadecyl, t-pen-
tadecyl, hexadecyl, t-hexadecyl, heptadecyl, t-heptadecyl,
octadecyl, t-octadecyl, nonadecyl, t-nonadecyl, icosane,
t-icosane, henicosane, t-henicosane, docosane, t-docosane,

Q __4-C2C30 hydrocarbyl].

about 100:0. As used herein, the phrase “weight ratio of the 45

5-(C,-C5y hydrocarbyl-disultanyl)-1,3,4-thiadiazole-2-thiol
to the 2,5-bis(C,-C,, hydrocarbyl-disulfanyl)-1,3,4-thiadi-
azole,” and the like, refer to the theoretical weight ratio of
the two species, as determined, for example, by the relative
amounts of the starting materials used to form the species.
In embodiments, the weight ratio of the 3-(C,-C,, hydro-
carbyl-disulfanyl)-1,3,4-thiadiazole-2-thiol to the 2,3-bis
(C,-C;, hydrocarbyl-disulfanyl)-1,3,4-thiadiazole 1s about
20:80 to about 99.9:0.1. In a particular embodiment, the
weight ratio of the 5-(C,-C;, hydrocarbyl-disulfanyl)-1,3.4-
thiadiazole-2-thiol to the 2,5-bis(C,-C,, hydrocarbyl-disul-
tanyl)-1,3,4-thiadiazole 1s about 20:80 to about 95:5. In
some embodiments, the weight ratio of the 5-(C,-C;, hydro-
carbyl-disulfanyl)-1,3,4-thiadiazole-2-thiol to the 2,3-bis
(C,-C;, hydrocarbyl-disulfanyl)-1,3,4-thiadiazole 1s about
20:80 to about 80:20. In particular embodiments, the weight
ratio of the 5-(C,-C,, hydrocarbyl-disulfanyl)-1,3,4-thiadi-
azole-2-thiol to the 2,5-bis(C,-C,, hydrocarbyl-disultanyl)-
1,3,4-thiadiazole 1s about 50:50 to about 99.9:0.1. In certain
embodiments, the weight ratio of the 5-(C,-C,, hydrocarbyl-
disulfanyl)-1,3,4-thiadiazole-2-thiol to the 2,5-bis(C,-C;,
hydrocarbyl-disultanyl)-1,3,4-thuiadiazole 1s about 60:40 to
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tricosane, t-tricosane, tetracosane, t-tetracosane, penta-
cosane, t-pentacosane, hexacosane, t-hexacosane, hepta-
cosane, t-heptacosane, octacosane, t-octacosane, nona-
cosane, t-nonacosane, triacontane, t-triacontane, etc.
Cycloalkyl moieties may be monocyclic or multicyclic, and
examples 1nclude cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, and adamantyl. Additional examples of alkyl
moieties have linear, branched and/or cyclic portions (e.g.,
1 -ethyl-4-methyl-cyclohexyl). Representative alkenyl moi-
cties include vinyl, allyl, 1-butenyl, 2-butenyl, 1sobutylenyl,
1-pentenyl, 2-pentenyl, 3-methyl-1-butenyl, 2-methyl-2-
butenyl, 2.,3-dimethyl-2-butenyl, 1-hexenyl, 2-hexenyl,
3-hexenyl, 1-heptenyl, 2-heptenyl, 3-heptenyl, 1-octenyl,
2-octenyl, 3-octenyl, 1-nonenyl, 2-nonenyl, 3-nonenyl,
1-decenyl, 2-decenyl and 3-decenyl. Representative alkyny
moieties include acetylenyl, propynyl, 1-butynyl, 2-butynyl
1-pentynyl, 2-pentynyl, 3-methyl-1-butynyl, 4-pentynyl
1-hexynyl, 2-hexynyl, 5-hexynyl, 1-heptynyl, 2-heptynyl
6-heptynyl, 1-octynyl, 2-octynyl, 7-octynyl, 1-nonynyl
2-nonynyl, 8-nonynyl, 1-decynyl, 2-decynyl and 9-decynyl.

As used herein, the term “monovalent” indicates that a
species, such as a C,-C;, hydrocarbyl, 1s capable of forming
one covalent bond with another atom. As used herein, the
term “divalent” indicates that a species, such as a C,-C;,
hydrocarbyl, 1s capable of forming two covalent bonds with
two other atoms, or two covalent bonds with another atom,

1.e., a double bond.

2
3
2
3
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In one embodiment, the thiadiazole component comprises
5-(Cs-C, < hydrocarbyl-disultanyl)-1,3,4-thiadiazole-2-thiol.
In another embodiment, the thiadiazole component com-
prises 5-(C-C,< hydrocarbyl-disulianyl)-1,3,4-thiadiazole-
2-thiol and 2,5-bi1s(C.-C,. hydrocarbyl-disulfanyl)-1,3,4-
thiadiazole.

In one embodiment, the thiadiazole component consists of
5-(Cs-C, < hydrocarbyl-disulfanyl)-1,3,4-thiadiazole-2-thiol.
In another embodiment, the thiadiazole component consists
of 3-(C.-C,; hydrocarbyl-disultanyl)-1,3,4-thiadiazole-2-
thiol and 2,5-b1s(C;-C, < hydrocarbyl-disulfanyl)-1,3,4-thia-
diazole.

In one embodiment, the thiadiazole component consists
essentially ot 5-(C.-C,. hydrocarbyl-disultanyl)-1,3,4-thia-
diazole-2-thiol. In another embodiment, the thiadiazole
component consists essentially of 5-(C.-C,. hydrocarbyl-
disulfanyl)-1,3,4-thiadiazole-2-thiol and 2,5-b1s(C.-C,-
hydrocarbyl-disultanyl)-1,3,4-thiadiazole.

In one embodiment, the thiadiazole component comprises
5-(Cq-C, ¢ hydrocarbyl-disulfanyl)-1,3,4-thiadiazole-2-thiol.
In another embodiment, the thiadiazole component com-
prises 5-(Cq-C, . hydrocarbyl-disulfanyl)-1,3,4-thiadiazole-
2-thiol and 2,5-b1s(C,-C,, hydrocarbyl-disultanyl)-1,3,4-
thiadiazole.

In one embodiment, the thiadiazole component consists of
5-(C4-C, 4 hydrocarbyl-disulfanyl)-1,3,4-thiadiazole-2-thiol.
In another embodiment, the thiadiazole component consists
of 5-(C4-C,4 hydrocarbyl-disulfanyl)-1,3,4-thiadiazole-2-
thiol and 2,5-b1s(C4-C, s hydrocarbyl-disulfanyl)-1,3,4-thia-
diazole.

In one embodiment, the thiadiazole component consists
essentially of 5-(C,-C, 4 hydrocarbyl-disulfanyl)-1,3,4-thia-
diazole-2-thiol. In another embodiment, the thiadiazole
component consists essentially of 3-(Cq-C, ¢ hydrocarbyl-
disulfanyl)-1,3,4-thiadiazole-2-thiol and 2,5-bis(C4-C, 4
hydrocarbyl-disultanyl)-1,3,4-thiadiazole.

In one embodiment, the thiadiazole component comprises
5-(Cy-C, , hydrocarbyl-disulfanyl)-1,3,4-thiadiazole-2-thiol.
In another embodiment, the thiadiazole component com-
prises 5-(C,-C,, hydrocarbyl-disulfanyl)-1,3,4-thiadiazole-
2-thiol and 2,5-bis(C,-C,, hydrocarbyl-disultanyl)-1,3,4-
thiadiazole.

In one embodiment, the thiadiazole component consists of
5-(Cs-C,, hydrocarbyl-disulfanyl)-1,3,4-thiadiazole-2-thiol.
In another embodiment, the thiadiazole component consists
of 3-(C,-C,, hydrocarbyl-disultanyl)-1,3,4-thiadiazole-2-
thiol and 2,5-b1s(C,-C, , hydrocarbyl-disulfanyl)-1,3,4-thia-
diazole.

In one embodiment, the thiadiazole component consists
essentially of 5-(C,-C,, hydrocarbyl-disulfanyl)-1,3,4-thia-
diazole-2-thiol. In another embodiment, the thiadiazole
component consists essentially of 35-(C,-C,, hydrocarbyl-
disulfanyl)-1,3,4-thiadiazole-2-thiol and  2,5-b1s(C,-C,,
hydrocarbyl-disulfanyl)-1,3.4-thiadiazole.

In one embodiment, the thiadiazole component comprises
S-(t-nonyldisulianyl)-1,3,4-thiadiazole-2-thiol. In another
embodiment, the thiadiazole component comprises 5-(t-
nonyldisulfanyl)-1,3,4-thiadiazole-2-thiol and 2,5-bis(t-
nonyldisultanyl)-1,3,4-thuadiazole. In a particular embodi-
ment, the thiadiazole component comprises S-(t-
nonyldisultfanyl)-1,3,4-thnadiazole-2-thiol and  2,5-bis(t-
nonyldisultanyl)-1,3,4-thuadiazole, and the weight ratio of
the 5-(t-nonyldisulfanyl)-1,3,4-thiadiazole-2-thiol to the
2,5-bis(t-nonyldisulfanyl)-1,3,4-thiadiazole 1n the thiadiaz-
ole component 1s about 20:80 to about 99.9:0.1; about 20:80
to about 80:20:; about 50:50 to about 99.9:0.1; about 60:40
to about 99.9:0.1; or about 60:40 to about 80:20. In a further
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embodiment, the thiadiazole component consists of 5-(t-
nonyldisulfanyl)-1,3,4-thiadiazole-2-thiol and  2,5-bis(t-
nonyldisultanyl)-1,3,4-thiadiazole, and the weight ratio of
the S5-(t-nonyldisulfanyl)-1,3,4-thiadiazole-2-thiol to the
2,5-bis(t-nonyldisulfanyl)-1,3,4-thiadiazole 1n the thiadiaz-
ole component 1s about 20:80 to about 99.9:0.1; about 20:80
to about 80:20; about 50:50 to about 99.9:0.1; about 60:40
to about 99.9:0.1; or about 60:40 to about 80:20. In a still
further embodiment, the thiadiazole component consists
essentially of 5-(t-nonyldisulfanyl)-1,3,4-thiadiazole-2-thiol
and 2,5-bis(t-nonyldisulfanyl)-1,3,4-thiadiazole, and the
weilght ratio of the 5-(t-nonyldisulfanyl)-1,3,4-thiadiazole-
2-thiol to the 2,5-bis(t-nonyldisulfanyl)-1,3,4-thiadiazole 1n
the thiadiazole component 1s about 20:80 to about 99.9:0.1;
about 20:80 to about 80:20: about 50:50 to about 99.9:0.1;
about 60:40 to about 99.9:0.1; or about 60:40 to about 80:20.

In one embodiment, the thiadiazole component comprises
S-(t-dodecyldisulfanyl)-1,3,4-thiadiazole-2-thiol. In another
embodiment, the thiadiazole component comprises 5-(t-
dodecyldisulfanyl)-1,3,4-thiadiazole-2-thiol and 2,35-bis(t-
dodecyldisulfanyl)-1,3,4-thiadiazole. In a  particular
embodiment, the thiadiazole component comprises 5-(t-
dodecyldisulfanyl)-1,3,4-thiadiazole-2-thiol and 2,35-bis(t-
dodecyldisulfanyl)-1,3,4-thiadiazole, and the weight ratio of
the 3-(t-dodecyldisulfanyl)-1,3,4-thiadiazole-2-thiol to the
2,5-bis(t- dodecyldlsulfanyl) 1,3,4-thiadiazole 1n the thiadi-
azole component 1s about 20:80 to about 99.9:0.1; about
20:80 to about 80:20; about 50:50 to about 99.9:0.1; about
60:40 to about 99.9:0.1; or about 60:40 to about 80:20. In a
further embodiment, the thiadiazole component consists of
S-(t-dodecyldisulfanyl)-1,3,4-thiadiazole-2-thiol and 2,5-b1s
(t-dodecyldisulfanyl)-1,3,4-thiadiazole, and the weight ratio
of the 5-(t- dodecyldlsulfanyl) 1,3,4- thladlazole-2 thiol to
the 2,5-bis(t- dodecyldlsulfanyl) 1,3,4-thiadiazole 1n the

t‘lladlazole component 1s about 20:80 to about 99.9:0.1;

about 20:80 to about 80:20; about 50:50 to about 99.9:0.1;
about 60:40 to about 99.9:0.1; or about 60:40 to about 80.20.
In a still further embodiment, the thiadiazole component
consists essentially of 5-(t-dodecyldisulfanyl)-1,3,4-thiadi-
azole-2-thiol and 2,5-bis(t-dodecyldisultanyl)-1,3,4-thiadi-
azole, and the weight ratio of the 5-(t-dodecyldisulfanyl)-1,
3.,4-thiadiazole-2-thiol to the 2,5-bis(t-dodecyldisulfanyl)-1,
3.,4-thiadiazole 1n the thiadiazole component 1s about 20:80
to about 99.9:0.1; about 20:80 to about 80:20; about 50:350
to about 99.9:0.1; about 60:40 to about 99.9:0.1; or about
60:40 to about 80:20.
Solubility Enhancing Component

The solubility enhancing component may comprise a
dispersant, a detergent, or a combination thereof. The dis-
persant, the detergent, or both the dispersant and the deter-
gent may be combined with one or more of the additives
provided herein prior to being combined with the thiadiazole
component. For example, the solubility enhancing compo-
nent may consist of the detergent, and the detergent may be
combined with a liquid, such as a base o1l or other diluent,
prior to combining the detergent with the thiadiazole com-
ponent.

As used herein, the term “dispersant” generally refers to
a metal-free compound having at least one polar moiety or
functional group, and at least one non-polar moiety or
functional group. As used herein, the term “detergent”
generally refers to a metal 1on-containing compound having
at least one polar moiety or functional group, and at least one
non-polar moiety or functional group. The at least one polar
moiety or functional group may include any of those known
in the art, such as a carbonyl, an amide, a succinimide, a
hydroxyl, a phenate, a substituted aryl, an amine, or any
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combination thereof. The at least one non-polar moiety may
include a C,-C,, hydrocarbyl or a hydrocarbyl having a
molecular weight of about 300 to about 2500 as provided
herein.

In one embodiment, the solubility enhancing component
consists of the detergent. In another embodiment, the solu-
bility enhancing component consists of the dispersant. In a
turther embodiment, the solubility enhancing component
consists of the detergent and the dispersant.

In one embodiment, the solubility enhancing component
consists essentially of the detergent. In another embodiment,
the solubility enhancing component consists essentially of
the dispersant. In a further embodiment, the solubility
enhancing component consists essentially of the dispersant
and the detergent. When used herein to describe the solu-
bility enhancing component, the phrases “consists essen-
tially of” or “consisting essentially of” refer to solubility
enhancing components that include the recited elements, or
the recited elements and one or more other materials that do
not materially affect the basic and novel characteristics of
the solubility enhancing component, which may include one
or more additives, such as those described herein, for
example, one or more diluents, such as a base o1l, one or
more unreacted starting materials, and one or more by-
products of the reaction used to make the detergent and/or
dispersant.

In one embodiment, the thiadiazole component consists
essentially ot 5-(C,-C,,, hydrocarbyl-disultanyl)-1,3,4-thia-
diazole-2-thiol and 2,5-bis(C,-C;, hydrocarbyl-disulfanyl)-
1,3.4-thiadiazole, and the solubility enhancing component
consists essentially of a dispersant.

In one embodiment, the thiadiazole component consists
essentially of 5-(C,-C,, hydrocarbyl-disulfanyl)-1,3,4-thia-
diazole-2-thiol and 2,3-b1s(C,-C;, hydrocarbyl-disulfanyl)-
1,3.4-thiadiazole, and the solubility enhancing component
consists essentially of a detergent.

In one embodiment, the thiadiazole component consists
essentially of 5-(C,-C,, hydrocarbyl-disulfanyl)-1,3,4-thia-
diazole-2-thiol and 2,35-b1s(C,-C;, hydrocarbyl-disulfanyl)-
1,3,4-thiadiazole, and the solubility enhancing component
consists essentially of a dispersant and a detergent.

In one embodiment, the thiadiazole component consists of
5-(C,-C54 hydrocarbyl-disultanyl)-1,3,4-thiadiazole-2-thiol
and 2,5-b1s(C,-C,, hydrocarbyl-disultanyl)-1,3,4-thiadiaz-
ole, and the solubility enhancing component consists of a
dispersant.

In one embodiment, the thiadiazole component consists of
5-(C,-C5y hydrocarbyl-disulfanyl)-1,3,4-thiadiazole-2-thiol
and 2,5-b1s(C,-C,, hydrocarbyl-disultfanyl)-1,3,4-thiadiaz-
ole, and the solubility enhancing component consists of a
detergent.

In one embodiment, the thiadiazole component consists of
5-(C,-C5y hydrocarbyl-disultanyl)-1,3,4-thiadiazole-2-thiol
and 2,5-b1s(C,-C,, hydrocarbyl-disultanyl)-1,3,4-thiadiaz-
ole, and the solubility enhancing component consists of a
dispersant and a detergent.

In embodiments, the weight ratio of the solubility enhanc-
ing component to the thiadiazole component 1s about 1:99 to
about 90:10. In one embodiment, the weight ratio of the
solubility enhancing component to the thiadiazole compo-
nent 1s about 1:99 to about 75:25. In another embodiment,
the weight ratio of the solubility enhancing component to the
thiadiazole component 1s about 1:99 to about 50:50. In yet
another embodiment, the weight ratio of the solubility
enhancing component to the thiadiazole component 1s about
1:99 to about 25:75. In a further embodiment, the weight
rat1o of the solubility enhancing component to the thiadiaz-
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ole component 1s about 1:99 to about 10:90. In a still further
embodiment, the weight ratio of the solubility enhancing
component to the thiadiazole component 1s about 2:98 to
about 6:94. In a particular embodiment, the weight ratio of
the solubility enhancing component to the thiadiazole com-
ponent 1s about 2:98. In a certain embodiment, the weight
ratio of the solubility enhancing component to the thiadiaz-
ole component 1s about 4:96. In another certain embodiment,
the weight ratio of the solubility enhancing component to the
thiadiazole component 1s about 10:90.

When the solubility enhancing component comprises a
detergent and a dispersant, the detergent and the dispersant
generally may be present at any weight ratio. For example,
the detergent and the dispersant may be present in the
solubility enhancing component at a weight ratio of about
0.1:99.9 to about 99.9:0.1 of detergent to dispersant. In one
embodiment, the detergent and the dispersant are present 1n
the solubility enhancing additive at a weight ratio of deter-

gent to dispersant of about 30:70 to about 70:30, from about
30:70 to about 60:40, from about 40:60 to about 60:40, about

45:55 to about 55:45, about 50:50, or about 45:55.

Dispersants

The dispersant may comprise a succinimide functional
group. The dispersant may include one succinimide func-
tional group, or more than one succinimide functional group.
For example, the dispersant may include two succinimide
functional groups. The phrase “succinimide functional
group,” as used herein, refers to a pyrrolidine-2,5-dione,
which may be substituted at the 1-position, 3-position,
4-position, or any combination thereof. The substituents
may independently include a C,-C,, hydrocarbyl as pro-
vided herein. The substituents also may independently
include a hydrocarbyl having a molecular weight of about
500 to about 2500. The dispersant comprising a succinimide
functional group also may be borated. The borated disper-
sant comprising a succinimide functional group may include
boron 1 an amount of about 0.01% to about 5.0%, by weight
of the borated dispersant. The dispersant may be borated by
contacting the dispersant with a boron-containing com-
pound, such as boric acid, boron oxide, or a combination
thereof. In one embodiment, the dispersant comprising the
succinimide functional group 1s a borated dispersant, and
boron 1s present 1n the borated dispersant 1n an amount of
about 0.01% to about 5.0% by weight of the borated
dispersant.

The phrases “a hydrocarbyl having a molecular weight of
about 500 to about 2500,” “about 30 to about 3000,” “about
100 to about 500,” or the like, as used herein, refer to an
aliphatic group, a cyclic group, or any combination thereof;
any substituted derivative thereot, including but not limited
to any halide-, alkoxide-, or amide-substituted derivative
thereof, that respectively has a molecular weight or an
average molecular weight of about 500 g/mol to about 2500
g/mol, about 30 g/mol to about 3000 g/mol, about 100 g/mol
to about 500 g/mol, etc., respectively. The phrase “average
molecular weight” refers to the number average molecular
weight of the hydrocarbyl, unless otherwise noted. Also
included 1n the foregoing defimition are any unsubstituted,
branched, or linear analogs thereof. The hydrocarbyls
include substituted derivatives therein, including hydrocar-
byls substituted with one or more functional moieties
selected from a hydroxyl, a halide, an ether, a ketone, an
ester, an amine, an amide, a nitrile, a heterocycle comprising
at least one N-, O-, or S-heteroatom, an aldehyde, a thio-
ether, an 1mine, a sulfone, a carbonate, a urethane, a urea, or
an 1mide.
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In embodiments, the dispersant comprises a succinimide
tunctional group, and 1s a 1-(amino-C,-C, hydrocarbyl)-3-
hydrocarbylpyrrolidine-2,5-dione having the following
structure:

(D1)

wherein R is a monovalent hydrocarbyl having a molecular
weight of about 500 to about 2500, R* is a divalent C,-C,

hydrocarbyl, and a 1s 1 to 100. In one embodiment, R, 1s a
divalent C, hydrocarbyl. In another embodiment, a 1s 1 to
10. In a further embodiment, R, 1s a divalent C,, hydrocarby],
and a 1s 1 to 10.

In embodiments, the dispersant comprises a succinimide
functional group, and comprises a mixture of 1-(amino-C,-
C, hydrocarbyl)-3-hydrocarbylpyrrolidine-2,5-diones hav-
ing the following structures:

(D1A)
O
4 H, and
N’{R\N)/
H H
R’ O
(D1B)
O
4 H,
N Ny
H i
R’ O

wherein each R” is independently a monovalent hydrocarbyl
having a molecular weight of about 500 to about 2500, each
R* is independently a divalent C,-C, hydrocarbyl, h is 1 to
100, and 1 1s 1 to 100. In one embodiment, each R, 1s a
divalent C, hydrocarbyl. In another embodiment, h 1s 1 to
10, and 1 1s 1 to 10. In a further embodiment, each R, 1s a
divalent C, hydrocarbyl, h1s 1 to 10, and 115 1 to 10.

In embodiments, the dispersant comprises a succinimide
functional group, and 1s a 3-hydrocarbyl-1-(((2-(3-hydrocar-
byl-2,5-dioxopyrrolidin-1-yl)hydrocarbyl))amino )hydrocar-
byl) pyrrolidine-2,5-dione having the following structure:

O O
RS R? 7
~ ~ R’,
5/,
R> O O

wherein R” is a monovalent hydrocarbyl having a molecular
weight of about 500 to about 2500, R° is a divalent C,-C,
hydrocarbyl, R’ is a monovalent hydrocarbyl having a
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molecular weight of about 500 to about 2500, R® is a
divalent C,-C, hydrocarbyl, and b 1s from 1 to 100. In one
embodiment, R, 1s a divalent C, hydrocarbyl. In another
embodiment, b 1s 1 to 10. In a further embodiment, R, 1s a
divalent C, hydrocarbyl, and b 1s 1 to 10. R, and R, may be
identical or different. R, and R, may be 1dentical or different.

In embodiments, the dispersant comprises a succinimide
functional group, and comprises a mixture of 3-hydrocarbyl-
1-(((2-(3-hydrocarbyl-2,35-dioxopyrrolidin-1-yl)hydrocar-
byl)amino)hydrocarbyl) pyrrolidine-2,5-diones having the
following structures:

(D2A)

R?, and

5 0O
RS R3 7
~ ~ R/,
N N N
H g
RS 0O O

wherein each R> independently is a monovalent hydrocarbyl
having a molecular weight of about 500 to about 2500, each
R° is independently a divalent C,-C,, hydrocarbyl, each R’ is
independently a monovalent hydrocarbyl having a molecu-
lar weight of about 500 to about 2500, each R® is indepen-
dently a divalent C,-C, hydrocarbyl, 11s 1 to 100, g 1s 1 to
100, and 1 and g are diflerent. In one embodiment, each R
1s a divalent C, hydrocarbyl. In another embodiment, 1 1s 1
to 10 and g 1s 1 to 10. In a further embodiment, each R, 1s
a divalent C, hydrocarbyl, f1s 1 to 10, and g1s 1 to 10. Each
R, and R, may be 1dentical or different. Each R and R, may
be 1dentical or different.

In one embodiment, the dispersant 1s a combination of at
least one compound of formula D1 and at least one com-
pound of formula D2.

The dispersant may be a Mannich dispersant. As used
herein, the phrase “Mannich dispersant” refers to dispersants
that comprise the reaction product of an amine, an aldehyde,
and a hydrocarbyl-phenol. The Mannich dispersant also may
be borated. The borated Mannich dispersant may include
boron 1 an amount of about 0.01% to about 5.0%, by weight
of the borated dispersant. The Mannich dispersant may be
borated by contacting the Mannich dispersant with a boron-
containing compound, such as boric acid, boron oxide, or a
combination thereof. In one embodiment, the Mannich dis-
persant 1s a borated dispersant, and boron 1s present 1n the
borated dispersant in an amount of about 0.01% to about
5.0% by weight of the borated dispersant.

In one embodiment, the dispersant 1s a Mannich disper-
sant having the following structure:

(D2B)

(D3)

OH
RIS?
/l\ N'/

Rl | H
I

N




US 10,647,939 B2

11

wherein R'’ is a monovalent hydrocarbyl having a molecu-
lar weight of about 500 to about 2500, and R'® is a
monovalent C,-C,,, hydrocarbyl. In a particular embodi-
ment, R'® is a monovalent C,-C,, hydrocarbyl. In a further
embodiment, R'® is substituted with one or more polar
substituents. The polar substituents may include at least one
hydroxyl group, at least one amino group, or a combination
thereof. In a still further embodiment, R'® is a monovalent
C,-C,, hydrocarbyl that 1s substituted with one or more
polar substituents, such as at least one hydroxyl, at least one
amine, or a combination thereof.

In one embodiment, the dispersant 1s a combination of at
least one compound of formula D1 and at least one com-
pound of formula D3. In another embodiment, the dispersant
1s a combination of at least one compound of formula D2
and at least one compound of formula D3. In yet another
embodiment, the dispersant 1s a combination of at least one
compound of formula D1, at least one compound of formula
D2, and at least one compound of formula D3.

In one embodiment, the dispersant 1s a Mannich disper-
sant having the structure of D3, wherein R'’ is substituted at
the 4-position:

(D3A)
OH

18
R,

Rl?

wherein R, 1s a monovalent hydrocarbyl having a molecu-
lar weight of about 500 to about 2300, and R, 15 a
monovalent C,-C,,, hydrocarbyl. In a particular embodi-
ment, R*® is a monovalent C,-C,, hydrocarbyl. In a further
embodiment, R'® is substituted with one or more polar
substituents. The polar substituents may include at least one
hydroxyl group, at least one amino group, or a combination
thereof. In a still further embodiment, R'® is a monovalent
C,-C,, hydrocarbyl that 1s substituted with one or more
polar substituents, such as at least one hydroxyl, at least
amine, or a combination thereof.

In one embodiment, the dispersant 1s a Mannich disper-
sant having the following structure:

(D4)
OH
R31
\ N.--"""
R30 _I R32
I ’
/

wherein R is a monovalent hydrocarbyl having a molecu-
lar weight of about 500 to about 2500, and R°" and R>* are
independently selected from hydrogen or a monovalent
C,-C, oo hydrocarbyl. The C,-C,,, hydrocarbyl of each of
R,, and/or R, may be substituted with one or more nitrogen
atoms. The Mannich dispersants provided herein may be
prepared by methods known in the art, including those
provided at U.S. Pat. Nos. 3,036,003 and 3,697,574.

In one embodiment, the dispersant 1s a combination of [1]
at least one compound of formula D1, at least one compound
of formula D2, or at least one compound of formula D3, and
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[2] at least one compound of formula D4. In another
embodiment, the dispersant 1s a combination of at least one
compound of formula D1, at least one compound of formula
D2, and at least one compound of formula D4. In a further
embodiment, the dispersant 1s a combination of at least one
compound of formula D1, at least one compound of formula
D3, and at least one compound of formula D4. In a particular
embodiment, the dispersant 1s a combination of at least one
compound of formula D2, at least one compound of formula
D3, and at least one compound of formula D4. In yet another
embodiment, the dispersant 1s a combination of at least one
compound of formula D1, at least one compound of formula
D2, at least one compound of formula D3, and at least one
compound of formula D4.

In one embodiment, the dispersant 1s a Mannich disper-
sant having the following structure:

(D3)
OH

wherein R*°° are independently selected from hydrogen or
a monovalent C,-C, ,, hydrocarbyl, and R”” is a monovalent

hydrocarbyl having a molecular weight of about 3500 to
about 2500. The C,-C, ,, hydrocarbyl of each of R**~° may

be substituted with one or more nitrogen atoms.

In one embodiment, the dispersant 1s a combination of [1]
at least one compound of formula D1, at least one compound
of formula D2, at least one compound of formula D3, or at
least one compound of formula D4, and [2] at least one
compound of formula D5. In another embodiment, the
dispersant 1s a combination of at least one compound of
formula D1, at least one compound of formula D2, and at
least one compound of formula D5. In a further embodi-
ment, the dispersant 1s a combination of at least one com-
pound of formula D1, at least one compound of formula D3,
and at least one compound of formula D5. In a particular
embodiment, the dispersant 1s a combination of at least one
compound of formula D1, at least one compound of formula
D4, and at least one compound of formula D5. In embodi-
ments, the dispersant 1s a combination of at least one
compound of formula D2, at least one compound of formula
D3, and at least one compound of formula D5. In some
embodiments, the dispersant 1s a combination of at least one
compound of formula D2, at least one compound of formula
D4, and at least one compound of formula D3. In further
embodiments, the dispersant 1s a combination of at least one
compound of formula D3, at least one compound of formula
D4, and at least one compound of formula D5. In a certain
embodiment, the dispersant 1s a combination of [1] three of
the following: at least one compound of formula D1, at least
one compound of formula D2, at least one compound of
formula D3, and at least one compound of formula D4, and
[2] at least one compound of formula D5. In yet another
embodiment, the dispersant 1s a combination of at least one
compound of formula D1, at least one compound of formula

D2, at least one compound of formula D3, at least one
compound of formula D4, and at least one compound of

formula DS5.
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In one embodiment, the dispersant 1s a Mannich disper-
sant having the following structure:

(Do)
OH OH
R4D
H/ I‘{39 I‘ﬁ 1 / "’
R38 R42

wherein R*® and R** are independently selected from a

monovalent hydrocarbyl having a molecular weight of about
500 to about 2500, R*” and R*' are independently selected
from hydrogen or a monovalent C,-C, ,, hydrocarbyl, and
R*’ is a divalent C,-C,,, hydrocarbyl. The C,-C,,, hydro-
carbyls of R*7, R*", and R*' may independently include one
Or more nitrogen atoms.

In one embodiment, the dispersant 1s a combination of [1]
at least one compound of formula D1, at least one compound
of formula D2, at least one compound of formula D3, at least
one compound of formula D4, or at least one compound of
formula D3, and [2] at least one compound of formula D6.
In another embodiment, the dispersant 1s a combination of at
least one compound of formula D1, at least one compound
of formula D2, and at least one compound of formula D6. In
a Turther embodiment, the dispersant 1s a combination of at
least one compound of formula D1, at least one compound
of formula D3, and at least one compound of formula D6. In
a particular embodiment, the dispersant 1s a combination of
at least one compound of formula D1, at least one compound
of formula D4, and at least one compound of formula D6. In
an additional particular embodiment, the dispersant 1s a
combination of at least one compound of formula D1, at
least one compound of formula D5, and at least one com-
pound of formula D6. In embodiments, the dispersant 1s a
combination of at least one compound of formula D2, at
least one compound of formula D3, and at least one com-
pound of formula D6. In some embodiments, the dispersant
1s a combination of at least one compound of formula D2, at
least one compound of formula D4, and at least one com-
pound of formula D6. In certain particular embodiments, the
dispersant 1s a combination of at least one compound of
formula D2, at least one compound of formula D5, and at
least one compound of formula D6. In further embodiments,
the dispersant 1s a combination of at least one compound of
formula D3, at least one compound of formula D4, and at
least one compound of formula D6. In still further embodi-
ments, the dispersant 1s a combination of at least one
compound of formula D3, at least one compound of formula
D35, and at least one compound of formula D6. In additional
embodiments, the dispersant 1s a combination of at least one
compound of formula D4, at least one compound of formula
D5, and at least one compound of formula D6. In a certain
embodiment, the dispersant 1s a combination of [1] three of
the following: at least one compound of formula D1, at least
one compound of formula D2, at least one compound of
formula D3, at least one compound of formula D4, and at
least one compound of formula D35, and [2] at least one
compound of formula D6. In a particular embodiment, the
dispersant 1s a combination of [1] four of the following: at
least one compound of formula D1, at least one compound
of formula D2, at least one compound of formula D3, at least
one compound of formula D4, and at least one compound of
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formula D3, and [2] at least one compound of formula D6.
In yet another embodiment, the dispersant 1s a combination
of at least one compound of formula D1, at least one
compound of formula D2, at least one compound of formula
D3, at least one compound of formula D4, at least one
compound of formula D5, and at least one compound of
formula D6.

In one embodiment, the dispersant 1s a Mannich disper-
sant having the following structure:

(D7)
OH OH
R45 R48,,

AN N \.N/\ A N

] | |

44 46 49

/ R R / R
R43 R4?

wherein R* and R*’ are independently selected from a
monovalent hydrocarbyl having a molecular weight of about

500 to about 2500, R**, R*°, R**, and R* are independently

selected from hydrogen or a monovalent C,-C, ,, hydrocar-
byl, and R** is a divalent C,-C, ,,, hydrocarbyl. The C,-C, ,,
hydrocarbyls of R*, R*>, R*°, R*®, and R*” may indepen-
dently include one or more nitrogen atoms.

In one embodiment, the dispersant 1s a combination of [1]
at least one compound of formula D1, at least one compound
of formula D2, at least one compound of formula D3, at least
one compound of formula D4, at least one compound of
formula D3, or at least one compound of formula D6, and [2]
at least one compound of formula D7. In another embodi-
ment, the dispersant 1s a combination of [1] at least two of
at least one compound of formula D1, at least one compound
of formula D2, at least one compound of formula D3, at least
one compound of formula D4, at least one compound of
formula D5, and at least one compound of formula D6, and
[2] at least one compound of formula D7/. In a further
embodiment, the dispersant 1s a combination of [1] at least
three of at least one compound of formula D1, at least one
compound of formula D2, at least one compound of formula
D3, at least one compound of formula D4, at least one
compound of formula D5, and at least one compound of
formula D6, and [2] at least one compound of formula D7.
In yet another embodiment, the dispersant 1s a combination
of [1] at least four of at least one compound of formula D1,
at least one compound of formula D2, at least one compound
of formula D3, at least one compound of formula D4, at least
one compound of formula D5, and at least one compound of
formula D6, and [2] at least one compound of formula D7.
In a still further embodiment, the dispersant 1s a combination
of [1] at least five of at least one compound of formula D1,
at least one compound of formula D2, at least one compound
of formula D3, at least one compound of formula D4, at least
one compound of formula D5, and at least one compound of
formula D6, and [2] at least one compound of formula D7.
In an additional embodiment, the dispersant 1s a combina-
tion of at least one compound of formula D1, at least one
compound of formula D2, at least one compound of formula
D3, at least one compound of formula D4, at least one
compound of formula D5, at least one compound of formula
D6, and at least one compound of formula D7.

In one embodiment, the dispersant 1s a Mannich disper-
sant having the following structure:
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(D8)
OH OH
RSU R54 RSS,
RS] R53 RSS RS?
R52 RSﬁ

wherein R>* and R’° are independently selected from a
monovalent hydrocarbyl having a molecular weight of about

500 to about 2500, R>°, R°!, R”>, R>°, R’ and R’® are

independently selected from hydrogen or a monovalent
C,-C,,, hydrocarbyl, and R>* is a divalent C,-C,,, hydro-
carbyl. The C,-C,,, hydrocarbyls of R>°, R>', R>, R>*, R>",
R>’ and R°® may independently include one or more nitro-
gen atoms.

In one embodiment, the dispersant 1s a combination of [1]
at least one compound of formula D1, at least one compound
of formula D2, at least one compound of formula D3, at least
one compound of formula D4, at least one compound of
formula D5, at least one compound of formula D6, or at least
one compound of formula D7, and [2] at least one compound
of formula D8. In another embodiment, the dispersant 1s a
combination of [1] at least two of at least one compound of
formula D1, at least one compound of formula D2, at least
one compound of formula D3, at least one compound of
formula D4, at least one compound of formula D5, at least
one compound of formula D6, and at least one compound of
tformula D/, and [2] at least one compound of formula DS.
In a further embodiment, the dispersant 1s a combination of
[1] at least three of at least one compound of formula D1, at
least one compound of formula D2, at least one compound
of formula D3, at least one compound of formula D4, at least
one compound of formula D3, at least one compound of
formula D6, and at least one compound of formula D7, and
[2] at least one compound of formula D8. In yet another
embodiment, the dispersant 1s a combination of [1] at least
four of at least one compound of formula D1, at least one
compound of formula D2, at least one compound of formula
D3, at least one compound of formula D4, at least one
compound of formula D5, at least one compound of formula
D6, and at least one compound of formula D7, and [2] at
least one compound of formula DS. In a still further embodi-
ment, the dispersant 1s a combination of [1] at least five of
at least one compound of formula D1, at least one compound
of formula D2, at least one compound of formula D3, at least
one compound of formula D4, at least one compound of
formula D3, at least one compound of formula D6, and at
least one compound of formula D7, and [2] at least one
compound of formula D8. In a particular embodiment, the
dispersant 1s a combination of [1] at least six of at least one
compound of formula D1, at least one compound of formula
D2, at least one compound of formula D3, at least one
compound of formula D4, at least one compound of formula
D3, at least one compound of formula D6, and at least one
compound of formula D7/, and [2] at least one compound of
formula DS. In an additional embodiment, the dispersant 1s
a combination of at least one compound of formula D1, at
least one compound of formula D2, at least one compound
of formula D3, at least one compound of formula D4, at least
one compound of formula D3, at least one compound of
formula D6, at least one compound of formula D)/, and at
least one compound of formula DS.
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The dispersant may be a succinic acid di-ester dispersant.
As used herein, the phrase “succinic acid di-ester dispersant™
refers to dispersants that include 1n their structures a di-ester
of succinic acid. The di-ester of succinic acid may be
substituted at one or both of the carbon atoms of the ethylene
moiety that connects the two carbonyl groups of the esters.
Examples of succinic acid di-ester compounds appear at
U.S. Pat. No. 4,234,435, which 1s incorporated by reference,
and discloses succinic acid di-ester compounds that are the
reaction product of a substituted succinic anhydride and one
or more alcohols, such as a polyhydric alcohol, e.g., pen-
taerythritol.

In one embodiment, the dispersant comprises a succinic
acid di-ester dispersant having the following structure:

(DY)

wherein R*° and R** are independently selected from a
monovalent hydrocarbyl having a molecular weight of about
60 to about 3000, and R*' is selected from a monovalent
hydrocarbyl having a molecular weight of about 500 to
about 2500. At least one of R* and R** may be substituted
with one or more polar groups, such as one or more hydroxyl
groups, ONe or more amino groups, or a combination thereof.

In one embodiment, the dispersant 1s a combination of [1]
at least one compound of formula D1, at least one compound
of formula D2, at least one compound of formula D3, at least
one compound of formula D4, at least one compound of
formula D5, at least one compound of formula D6, at least
one compound of formula D7/, or at least one compound of
formula D8, and [2] at least one compound of formula D9.
In another embodiment, the dispersant 1s a combination of
[1] at least two of at least one compound of formula D1, at
least one compound of formula D2, at least one compound
of formula D3, at least one compound of formula D4, at least
one compound of formula D3, at least one compound of
formula D6, at least one compound of formula 1)/, and at
least one compound of formula DS, and [2] at least one
compound of formula D9. In a further embodiment, the
dispersant 1s a combination of [1] at least three of at least one
compound of formula D1, at least one compound of formula
D2, at least one compound of formula D3, at least one
compound of formula D4, at least one compound of formula
D35, at least one compound of formula D6, at least one
compound of formula D7, and at least one compound of
formula D8, and [2] at least one compound of formula D9.
In yet another embodiment, the dispersant 1s a combination
of [1] at least four of at least one compound of formula D1,
at least one compound of formula D2, at least one compound
of formula D3, at least one compound of formula D4, at least
one compound of formula D3, at least one compound of
formula D6, at least one compound of formula DD/, and at
least one compound of formula DS, and [2] at least one
compound of formula D9. In a still further embodiment, the
dispersant 1s a combination of [1] at least five of at least one
compound of formula D1, at least one compound of formula
D2, at least one compound of formula D3, at least one
compound of formula D4, at least one compound of formula
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D35, at least one compound of formula D6, at least one
compound of formula D/, and at least one compound of
formula D8, and [2] at least one compound of formula D9.
In a particular embodiment, the dispersant 1s a combination
of [1] at least si1x of at least one compound of formula D1,
at least one compound of formula D2, at least one compound
of formula D3, at least one compound of formula D4, at least
one compound of formula D3, at least one compound of
formula D6, at least one compound of formula D)/, and at
least one compound of formula DS, and [2] at least one
compound of formula D9. In another particular embodiment,
the dispersant 1s a combination of [1] at least seven of at least
one compound of formula D1, at least one compound of
formula D2, at least one compound of formula D3, at least
one compound of formula D4, at least one compound of
formula D3, at least one compound of formula D6, at least
one compound of formula D7/, and at least one compound of
formula D8, and [2] at least one compound of formula D9.
In an additional embodiment, the dispersant 1s a combina-
tion of at least one compound of formula D1, at least one
compound of formula D2, at least one compound of formula
D3, at least one compound of formula D4, at least one
compound of formula D5, at least one compound of formula
D6, at least one compound of formula D7, at least one
compound of formula D8, and at least one compound of
formula D?9.

In one embodiment, the dispersant comprises a succinic
acid di-ester dispersant having the following structure:

(D10)

wherein R*® and R*> are independently selected from a
divalent hydrocarbyl having a molecular weight of about 60
to about 3000, and R** is selected from a monovalent
hydrocarbyl having a molecular weight of about 500 to
about 2500. Generally, any carbon atom or substituent of
R** may be covalently bonded to any carbon atom or
substituent of R*>. At least one of R*® and R* may be
substituted with one or more polar groups, such as one or
more hydroxyl groups, one or more amino groups, or a
combination thereof.

In one embodiment, the dispersant 1s a combination of [1]
at least one compound of formula D1, at least one compound
of formula D2, at least one compound of formula D3, at least
one compound of formula D4, at least one compound of
formula D3, at least one compound of formula D6, at least
one compound of formula D7, at least one compound of
formula D8, or at least one compound of formula D9, and [2]
at least one compound of formula D10. In another embodi-
ment, the dispersant 1s a combination of [1] at least two of
at least one compound of formula D1, at least one compound
of formula D2, at least one compound of formula D3, at least
one compound of formula D4, at least one compound of
formula D5, at least one compound of formula D6, at least
one compound of formula D7, at least one compound of
formula D8, and at least one compound of formula D9, and
[2] at least one compound of formula D10. In a further
embodiment, the dispersant 1s a combination of [1] at least
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three of at least one compound of formula D1, at least one
compound of formula D2, at least one compound of formula
D3, at least one compound of formula D4, at least one
compound of formula D3, at least one compound of formula
D6, at least one compound of formula D7, at least one
compound of formula D8, and at least one compound of
formula D9, and [2] at least one compound of formula D10.
In yet another embodiment, the dispersant 1s a combination
of [1] at least four of at least one compound of formula D1,
at least one compound of formula D2, at least one compound
of formula D3, at least one compound of formula D4, at least
one compound of formula D3, at least one compound of
tformula D6, at least one compound of formula D/, at least
one compound of formula D8, and at least one compound of
formula D9, and [2] at least one compound of formula D10.
In a still further embodiment, the dispersant 1s a combination
of [1] at least five of at least one compound of formula D1,
at least one compound of formula D2, at least one compound
of formula D3, at least one compound of formula D4, at least
one compound of formula D3, at least one compound of
formula D6, at least one compound of formula D7/, at least
one compound of formula D8, and at least one compound of
tformula D9, and [2] at least one compound of formula D10.
In a particular embodiment, the dispersant 1s a combination
of [1] at least si1x of at least one compound of formula D1,
at least one compound of formula D2, at least one compound
of formula D3, at least one compound of formula D4, at least
one compound of formula D3, at least one compound of
formula D6, at least one compound of formula D/, at least
one compound of formula D8, and at least one compound of
formula D9, and [2] at least one compound of formula D10.
In another particular embodiment, the dispersant 1s a com-
bination of [1] at least seven of at least one compound of
formula D1, at least one compound of formula D2, at least
one compound of formula D3, at least one compound of
formula D4, at least one compound of formula D5, at least
one compound of formula D6, at least one compound of
formula D7, at least one compound of formula D8, and at
least one compound of formula D9, and [2] at least one
compound of formula DI10. In vyet another particular
embodiment, the dispersant 1s a combination of [1] at least
eight of at least one compound of formula D1, at least one
compound of formula D2, at least one compound of formula
D3, at least one compound of formula D4, at least one
compound of formula D5, at least one compound of formula
D6, at least one compound of formula D7, at least one
compound of formula D8, and at least one compound of
formula D9, and [2] at least one compound of formula D10.
In an additional embodiment, the dispersant 1s a combina-
tion of at least one compound of formula D1, at least one
compound of formula D2, at least one compound of formula
D3, at least one compound of formula D4, at least one
compound of formula D3, at least one compound of formula
D6, at least one compound of formula D7, at least one
compound of formula D8, at least one compound of formula
D9, and at least one compound of formula D10.

In embodiments, the dispersant comprises a dispersant
comprising a succimmide functional group, a Mannich
dispersant, a succinic acid di-ester dispersant, or a combi-
nation thereof. In one embodiment, the dispersant comprises
a dispersant comprising a succinimide functional group and
a Mannich dispersant. In another embodiment, the disper-
sant comprises a dispersant comprising a succinimide func-
tional group and a succinic acid di-ester dispersant. In a
particular embodiment, the dispersant comprises a Mannich
dispersant and a succinic acid di-ester dispersant.
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Detergent

In embodiments, the detergent comprises a salt of a
sulfonic acid. The sulfonic acid, 1n one embodiment, 1s a
benzene sulfonic acid. The benzene sulfonic acid may
comprise a C,-C,, hydrocarbyl-substituted benzenesultfonic
acid, a di-C,-C,, hydrocarbyl-substituted benzenesulfonic
acid, a tn-C,-C;, hydrocarbyl-substituted benzenesulfonic
acid, or a combination thereof. The C,-C,, hydrocarbyl
substituents may be present at the ortho position, the meta
position, the para position, or a combination thereof. When
the benzene sulfonic acid comprises a di-C,-C,, hydrocar-
byl-substituted or a tr1-C,-C;, hydrocarbyl-substituted ben-
zenesulfonic acid, the total number of carbon atoms 1n all of
the hydrocarbyl substituents may be from 10 to 50, from 10
to 40, from 16 to 30, from 16 to 25, or from 20 to 24. Any
two of the C,-C;, hydrocarbyl substituents may have the
same number of carbon atoms or a different number of

carbon atoms.

In embodiments, the detergent comprises a salt of a
C, -C5, hydrocarbylbenzenesulionate having the following
structure:

(DT1)

wherein R” is a monovalent C,,-C,, hydrocarbyl, M is
selected from sodium, calcium, magnesium, or barium, ¢ 1s
1 when M 1s sodium, and ¢ 1s 2 when M 1s calcium,
magnesium, or barium. In one embodiment, M 1s calctum. In
another embodiment, R” is a monovalent C,,-C., hydrocar-
byl. In a still further embodiment, M is calcium, and R” is a
monovalent C,,-C,, hydrocarbyl.

In embodiments, the detergent comprises a mixture of
salts of C,,-C,, hydrocarbylbenzenesulfonates having the
following structures:

(DT1A)
SO5-} -M,

(DT1B)

wherein R*° is a monovalent C, .-C,, hydrocarbyl, R*’ is a
monovalent C, .-C,, hydrocarbyl, R*° and R*’ include dif-
ferent numbers of carbon atoms, M 1s selected from sodium,
calcium, magnesium, or bartum, ¢ 1s 1 when M 1s sodium,
and ¢ 1s 2 when M 1s calcium, magnestum, or barium. In one
embodiment, M is calcium. In another embodiment, R*° is a
monovalent C.,-C,, hydrocarbyl, and R*’ is a monovalent
C.,,-C,. hydrocarbyl. In a still further embodiment, R*° is a
monovalent C,, hydrocarbyl, and R*’ is a monovalent C.,
hydrocarbyl.

In one embodiment, the detergent comprises a salt of a
di-hydrocarbyl-substituted benzenesulionate having the fol-
lowing structure:
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(DT2)

(\/803---1\/[,
T\&Y”

Rll

Rlﬂ

wherein R'° is a first monovalent hydrocarbyl, R'' is a
second monovalent hydrocarbyl, M 1s selected from sodium,
calcium, magnesium, or barium, d 1s 1 when M 1s sodium,
d 1s 2 when M 1s calcium, magnesium, or barium, and the
first monovalent hydrocarbyl and the second monovalent
hydrocarbyl include a combined total of 16 to 30 carbon
atoms. R'"” and R'" may include the same or different

number of carbon atoms. In a particular embodiment, the
first monovalent hydrocarbyl and the second monovalent
hydrocarbyl include a combined total of 20 to 24 carbon
atoms. In a further embodiment, the first monovalent hydro-
carbyl and the second monovalent hydrocarbyl include the
same number of carbon atoms. In a still further embodiment,
the first monovalent hydrocarbyl and the second monovalent
hydrocarbyl include a combined total of 20, 22, or 24 carbon
atoms, and the first monovalent hydrocarbyl and the second
monovalent hydrocarbyl include the same number of carbon
atoms.

In one embodiment, the detergent 1s a combination of at
least one compound of formula DT1 and at least one
compound of formula DT2.

The detergent may be a phenate detergent. The phrase
“phenate detergent,” as used herein refers to a detergent that
includes at least one phenate anion upon exposing a precur-
sor to a base, such as NaOH, and/or an alkaline material,
such as calcium oxide. The phenate detergents may be
mono-, di-, or tri-substituted with hydrocarbyls, each hydro-
carbyl imndependently having a molecular weight of about
100 to about 500. The substituents may be present at the
ortho-position, the meta-position, the para-position, or a
combination therecof. The phenate detergents also can
include dimers. In the dimers, two phenate moieties may be
bonded to each other by a divalent alkylene, sulfanyl,
di-sulfanyl, tri-sulfanyl, tetra-sulfanyl, or penta-sulfanyl
moiety.

In one embodiment, the detergent comprises a phenate
derived from a precursor having the following structure:

(DT3)

RJZ_

wherein R'® is a monovalent hydrocarbyl having a
molecular weight of about 100 to about 500.

In one embodiment, the detergent 1s a combination of at
least one compound of formula DT1 and at least one phenate
derived from formula DT3. In another embodiment, the
detergent 1s a combination of at least one compound of
formula DT2 and at least one phenate derived from formula
DT3. In yet another embodiment, the detergent 1s a combi-
nation of at least one compound of formula DT1, at least one
compound of formula D12, and at least one phenate derived
from formula DT3.

In one embodiment, the detergent comprises a phenate
derived from a precursor having the following structure:
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(DT4)
OH OH
H\ AN
Rl3_| ‘ _Rl4?
A 7

wherein R'® and R'* are independently selected from a
monovalent hydrocarbyl having a molecular weight of about
100 to about 500. In a particular embodiment, R'® and R"*
are hydrocarbyls having at least substantially the same
molecular weight.

In one embodiment, the detergent 1s a combination of [1]
at least one compound of formula DT1, at least one com-
pound of formula DT2, or at least one phenate derived from
a compound of formula DT3, and [2] at least one phenate
derived from a compound of formula DT4. In another
embodiment, the detergent 1s a combination of at least one
compound of formula DTI1, at least one compound of
formula D12, and at least one phenate derived from a

compound of formula DT4. In a further embodiment, the
detergent 1s a combination of at least one compound of
formula DT1, at least one phenate dertved from a compound
of formula DT3, and at least one phenate derived from a
compound of formula DT4. In a particular embodiment, the
detergent 1s a combination of at least one compound of
formula D12, at least one phenate derived from a compound
of formula DT3, and at least one phenate derived from a
compound of formula DT4. In yet another embodiment, the
detergent 1s a combination of at least one compound of
formula DT1, at least one compound of formula D12, at
least one phenate derived from a compound of formula D173,
and at least one phenate derived from a compound of
formula DT4.

In one embodiment, the detergent comprises a phenate
derived from a precursor having the following structure:

(DT5)
OH

S
R 1/ |

wherein R'> and R'° are independently selected from a
monovalent hydrocarbyl having a molecular weight of about
100 to about 500, and e 1s 1 to 5. In a particular embodiment,
R and R'® are hydrocarbyls having at least substantially
the same molecular weight.

In one embodiment, the detergent 1s a combination of [1]
at least one compound of formula DT1, at least one com-
pound of formula DT2, at least one phenate derived from a
compound of formula DT3, or at least one phenate derived
from a compound of formula DT4, and [2] at least one
phenate derived from a compound of formula DT5. In
another embodiment, the detergent 1s a combination of at
least one compound of formula DT1, at least one compound
of formula DT2, and at least one phenate derived from a
compound of formula DT5. In a further embodiment, the
detergent 1s a combination of at least one compound of
tformula D11, at least one phenate derived from a compound
of formula DT3, and at least one phenate derived from a
compound of formula DT5. In a particular embodiment, the
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detergent 1s a combination of at least one compound of
formula DT1, at least one phenate derived from a compound
of formula DT4, and at least one phenate derived from a
compound of formula DT5. In embodiments, the detergent
1s a combination of at least one compound of formula D12,
at least one phenate derived from a compound of formula
DT3, and at least one phenate derived from a compound of
formula DT3. In some embodiments, the detergent i1s a
combination of at least one compound of formula DT2, at
least one phenate derived from a compound of formula D14,
and at least one phenate derived from a compound of
formula DT3. In further embodiments, the detergent 1s a
combination of at least one phenate derived from a com-
pound of formula DT3, at least one phenate derived from a
compound of formula DT4, and at least one phenate derived
from a compound of formula DT5. In a certain embodiment,
the detergent 1s a combination of [1] three of the following;:
at least one compound of formula DT1, at least one com-
pound of formula D12, at least one phenate derived from a
compound of formula D13, and at least one phenate derived
from a compound of formula DT4, and [2] at least one
phenate derived from a compound of formula DT5. In yet
another embodiment, the detergent 1s a combination of at
least one compound of formula DT1, at least one compound
of formula DT2, at least one phenate derived from a com-
pound of formula DT3, at least one phenate derived from a
compound of formula DT4, and at least one phenate derived
from a compound of formula DT5.
Additives

The compositions provided herein may include one or
more additives. The one or more additives may include at
least one diluent, such as a base oi1l, at least one metal
deactivator, at least one viscosity index improver, at least
one antioxidant, at least one anti-wear agent, at least one
demulsifier, at least one extreme pressure anti-wear agent, at
least one friction modifier, at least one foam inhibitor, at
least one pour point depressant, or a combination thereof.

In embodiments, the compositions comprise a base oil.

Examples of suitable base oils include, but are not limited to,
a mineral base oil, such as STAR 4 (Motiva, USA) base oil,

a synthetic base oi1l, such as SPECTRASYN™ PAQO 4
(ExxonMobil, USA), or a combination thereof.

In embodiments, the compositions comprise a thiadiazole
component, a solubility enhancing component, and a base
o1l, and the weight ratio of the thiadiazole component to the

solubility enhancing component to the base o1l 1s about
40-60:0.1-50:0.1-59.9; about 40-60:10-50:2-40; about

40-60:10-48:2-40; about 40-60:0.1-20:35-55; about 45-55:
1-15:40-50; or about 50:1-10:40-50.

In embodiments, the compositions comprise [1] a thiadi-
azole component consisting of 35-(C,-C,, hydrocarbyl-dis-
ultanyl)-1,3,4-thiadiazole-2-thiol and 2,5-bi1s(C,-C;, hydro-
carbyl-disulfanyl)-1,3,4-thiadiazole, [2] a solubility
enhancing component consisting of a dispersant, a detergent,
or a dispersant and a detergent, and [3] a base o1l, and the
weight ratio of the thiadiazole component to the solubility
enhancing component to the base o1l 1s about 40-60:0.1-50:
0.1-59.9; about 40-60:10-50:2-40; about 40-60:10-48:2-40;
about 40-60:0.1-20:35-55; about 45-55:1-15:40-50; or about
50:1-10:40-30. In one embodiment, the dispersant i1s a
succinimide dispersant.

In embodiments, the compositions consist essentially of
[1] a thiadiazole component consisting of 5-(C,-C,, hydro-
carbyl-disulfanyl)-1,3,4-thiadiazole-2-thiol and 2,5-bis(C,-
C;, hydrocarbyl-disultanyl)-1,3,4-thuadiazole, [2] a solubil-
ity enhancing component consisting of a dispersant, a
detergent, or a dispersant and a detergent, and [3] a base o1l,
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and the weight ratio of the thiadiazole component to the
solubility enhancing component to the base o1l 1s about

40-60:0.1-50:0.1-59.9; about 40-60:10-50:2-40; about
40-60:10-48:2-40; about 40-60:0.1-20:35-55; about 45-55:
1-15:40-50; or about 50:1-10:40-50. In one embodiment, the
dispersant 1s a succimmide dispersant.

When used to described the compositions herein, the
phrases “consist essentially of” or “consisting essentially of™
generally refer to compositions that include the recited
elements, or the recited elements and one or more other
materials that do not materially aflect the basic and novel
characteristics of the composition, which may include [1]
one or more additives, such as those described herein, e.g.,
a base o1l, metal deactivator, viscosity index improver, etc.,
[ 2] one or more unreacted starting materials used to form the
thiadiazole component and/or the solubility enhancing com-
ponent, [3] any liquids in which the thiadiazole component
and/or solubility enhancing component were formed, [5]
hydrogen peroxide, and [6] any by-products of the reactions
used to form the thiadiazole component and/or the solubility
enhancing component.

In embodiments, the compositions consist of [1] a thia-
diazole component consisting ot 5-(C,-C,, hydrocarbyl-
disulfanyl)-1,3,4-thiadiazole-2-thiol and  2,5-bi1s(C,-C;,
hydrocarbyl-disultanyl)-1,3,4-thuadiazole, [2] a solubility
enhancing component consisting of a dispersant, a detergent,
or a dispersant and a detergent, and [3] a base o1l, and the
weilght ratio of the thiadiazole component to the solubility
enhancing component to the base o1l 1s about 40-60:0.1-50:
0.1-59.9; about 40-60:10-50:2-40; about 40-60:10-48:2-40;
about 40-60:0.1-20:35-55; about 45-55:1-15:40-50; or about
50:1-10:40-30. In one embodiment, the dispersant i1s a
succinimide dispersant.

Non-limiting examples of metal deactivators include dis-
alicylidene propylenediamine, triazole derivatives, mercap-
tobenzothiazoles, mercaptobenzimidazoles, and combina-
tions thereof.

Non-limiting examples of viscosity index improvers
include polymethacrylate type polymers, ethylene-propyl-
ene copolymers, styrene-1soprene copolymers, hydrated sty-
rene-1soprene copolymers, polyisobutylene, dispersant type
viscosity mdex improvers, and combinations thereof.

The at least one anti-oxidant generally may include one or
more materials that reduce the tendency of mineral oils to
deteriorate while 1n service, as evidenced by the products of
oxidation, such as sludge and varnish-like deposits on metal
surfaces, and/or by an increase in viscosity. Examples of
anti-oxidants include, but are not limited to, phenol type
(phenolic) oxidation inhibitors, such as 4,4'-methylene-bis
(2,6-di-tert-butylphenol), 4,4'-bi1s(2,6-di-tert-butylphenol),
4'-bis(2-methyl-6-tert-butylphenol), 2,2'-methylene-bis(4-
methyl-6-tert-butylphenol), 4,4'-butylidene-bis(3-methyl-6-
tert-butyl phenol), 4,4'-1sopropylidene-bis(2,6-di-tert-butyl-
phenol), 2,2'-methylene-bis(4-methyl-6-nonylphenol), 2,2'-
1sobutylidene-bis(4,6-dimethylphenol), 2,2'-5-methylene-
bis(4-methyl-6-cyclohexylphenol), 2,6-di-tert-butyl-4-
methylphenol, 2,6-di-tert-butyl-4-ethylphenol, 2.,4-
dimethyl-6-tert-butyl-phenol, 2,6-di-tert-1-dimethylamino-
p-cresol, 2,6-di-tert-4-(N,N'-dimethylaminomethylphenol),
4.4'-thiobis(2-methyl-6-tert-butylphenol),  2,2'-thiobis(4-
methyl-6-tert-butylphenol), bis(3-methyl-4-hydroxy-3-tert-
10-butylbenzyl)-sulfide, and bis(3,5-di-tert-butyl-4-hy-
droxybenzyl). Diphenylamine-type oxidation inhibitors
include, but are not limited to, alkylated diphenylamine,
phenyl-a-naphthylamine, and alkylated-a-naphthylamine.
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Other types of oxidation inhibitors include metal dithiocar-
bamate (e.g., zinc dithiocarbamate), and 1,5-ethylenebis
(dibutyidithiocarbamate).

The at least one anti-wear agent generally may include
one or more agents that reduce wear of moving metallic
parts. Examples of such agents include, but are not limited
to, phosphates, carbamates, esters, molybdenum complexes,
and combinations thereof.

Non-limiting examples of demulsifiers include the addi-
tion product of alkylphenol and ethylene oxide, polyoxy-
cthylene alkyl ether, and polyoxyethylene sorbitan ester.

Non-limiting examples of extreme pressure agents and
anti-wear agents include zinc dialky-1-dithiophosphate (pri-
mary alkyl, secondary alkyl, and aryl type), diphenyl sulfide,
methyltrichlorostearate, chlorinated naphthalene, fluoro-
alkylpolysiloxane, lead naphthenate, neutralized phos-
phates, dithiophosphates, sulfur-free phosphates, and com-
binations thereof.

Non-limiting examples of friction modifiers include fatty
alcohol, fatty acid, amine, borated ester, other esters, phos-
phates, phosphites, phosphonates, and combinations thereof.

Non-limiting examples of foam inhibitors include alkyl
methacrylate polymers, dimethyl silicone polymers, and
combinations thereof.

Non-limiting examples of pour point depressants include
polymethyl methacrylate.

Lubricating Compositions, Grease Compositions, and
Additive Packages

Also provided hereimn are lubricating compositions and
grease compositions that include one or more of the com-
positions provided herein. The compositions provided
herein may be combined with one or more other materials to
form a lubricating composition or a grease composition. The
lubricating compositions or grease compositions generally
may include one or more of the compositions provided
herein 1n an amount of about 0.01% to about 20%, about
0.05% to about 20%, about 0.05% to about 15%, about
0.05% to about 10%, about 0.05% to about 5%, about 1% to
about 5%, or about 1% to about 3% by weight of the
lubricating composition or the grease composition, respec-
tively.

In embodiments, the lubricating compositions or grease
compositions comprise a first composition comprising [1] a
thiadiazole component consisting of 5-(C,-C5, hydrocarbyl-
disulfanyl)-1,3,4-thiadiazole-2-thiol and  2,5-bi1s(C,-C;,
hydrocarbyl-disultanyl)-1,3,4-thiadiazole, [2] a solubility
enhancing component consisting of a dispersant, a detergent,
or the dispersant and the detergent, and [3] a {first base oil;
and a second base oi1l; wherein the weight ratio of the
solubility enhancing component to the thiadiazole compo-
nent 1s about 1:99 to about 90:10, and the weight ratio of the
5-(C,-C,, hydrocarbyl-disultanyl)-1,3,4-thiadiazole-2-thiol
to the 2,5-bi1s(C,-C;, hydrocarbyl-disultanyl)-1,3,4-thiadi-
azole 1s about 20:80 to about 99.9:0.1, the first base o1l 1s
present 1n the first composition 1n an amount of about 0.01%
to about 80% by weight of the first composition, and the first
composition 1s present 1n the lubricating composition or the

grease composition in an amount of about 0.01% to about
20%, about 0.05% to about 20%, about 0.05% to about 15%,

about 0.05% to about 10%, about 0.05% to about 3%, about
1% to about 5%, or about 1% to about 3% by weight of the
lubricating composition or the grease composition, respec-
tively. The first base o1l and the second base o1l may be or
include the same base 01l(s) or different base oils.

In further embodiments, the lubricating compositions or
grease compositions comprise a lirst composition compris-
ing [1] a thiadiazole component consisting of 5-(C,-C;,
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hydrocarbyl-disulfanyl)-1,3.,4-thhadiazole-2-thiol and 2,5-
b1s(C,-C,, hydrocarbyl-disultanyl)-1,3,4-thiadiazole, and
[2] a solubility enhancing component consisting of a dis-
persant, a detergent, or the dispersant and the detergent; and
a base o1l; wherein the weight ratio of the solubility enhanc-
ing component to the thiadiazole component 1s about 1:99 to
about 90:10, and the weight ratio of the 5-(C,-C,, hydro-
carbyl-disulfanyl)-1,3,4-thiadiazole-2-thiol to the 2,3-bis
(C,-C,, hydrocarbyl-disultanyl)-1,3,4-thiadiazole 1s about
20:80 to about 99.9:0.1, and the first composition 1s present
in the lubricating composition or grease composition 1n an
amount of about 0.01% to about 20%, about 0.05% to about
20%, about 0.05% to about 15%, about 0.05% to about 10%,
about 0.05% to about 5%, about 1% to about 5%, or about
1% to about 3% by weight of the lubricating composition or
the grease composition, respectively.

In embodiments, the lubricating compositions or grease
compositions comprise a first composition consisting essen-
tially of [1] a thiadiazole component consisting of 5-(C,-C;,
hydrocarbyl-disultanyl)-1,3,4-thiadiazole-2-thiol and 2,5-
b1s(C,-C,, hydrocarbyl-disulfanyl)-1,3,4-thiadiazole, [2] a
solubility enhancing component consisting of a dispersant, a
detergent, or the dispersant and the detergent, and [3] a first
base o1l; and a second base o1l; wherein the weight ratio of
the solubility enhancing component to the thiadiazole com-
ponent 1s about 1:99 to about 90:10, and the weight ratio of
the 5-(C,-C,, hydrocarbyl-disulfanyl)-1,3.,4-thiadiazole-2-
thiol to the 2,5-bis(C,-C,, hydrocarbyl-disultanyl)-1,3,4-
thiadiazole 1s about 20:80 to about 99.9:0.1, the first base o1l
1s present 1n the first composition 1 an amount of about
0.01% to about 80% by weight of the first composition, and
the first composition 1s present in the lubricating composi-
tion or the grease composition 1 an amount of about 0.01%
to about 20%, about 0.05% to about 20%, about 0.05% to
about 15%, about 0.05% to about 10%, about 0.05% to about
5%, about 1% to about 5%, or about 1% to about 3% by
weilght of the lubricating composition or the grease compo-
sition, respectively. The first base o1l and the second base o1l
may be or include the same base 01l(s) or different base oils.

In further embodiments, the lubricating compositions or
grease compositions comprise a first composition consisting
essentially of [1] a thiadiazole component consisting of
5-(C,-C54 hydrocarbyl-disultanyl)-1,3,4-thiadiazole-2-thiol
and 2,5-b1s(C,-C,, hydrocarbyl-disultanyl)-1,3,4-thiadiaz-
ole, and [2] a solubility enhancing component consisting of
a dispersant, a detergent, or the dispersant and the detergent;
and a base o1l; wherein the weight ratio of the solubility

enhancing component to the thiadiazole component 1s about
1:99 to about 90:10, and the weight ratio of the 5-(C,-C,,

hydrocarbyl-disultanyl)-1,3,4-thiadiazole-2-thiol to the 2,5-
b1s(C,-C;, hydrocarbyl-disulfanyl)-1,3,4-thiadiazole 1s
about 20:80 to about 99.9:0.1, and the first composition 1s
present in the lubricating composition or the grease com-
position 1 an amount of about 0.01% to about 20%, about
0.05% to about 20%, about 0.05% to about 15%, about
0.05% to about 10%, about 0.05% to about 5%, about 1% to
about 5%, or about 1% to about 3% by weight of the
lubricating composition or the grease composition, respec-
tively.

Additive packages also are provided herein. The phrase
“additive packages,” as used herein, refers to packages that
include one or more of the compositions provided herein and
one or more additives, such as those provided herein,
including at least one viscosity index improver, at least one
antioxidant, at least one anti-wear agent, at least one demul-
sifier, at least one extreme pressure anti-wear agent, at least
one friction modifier, at least one foam inhibitor, at least one
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pour point depressant, at least one dispersant, at least one
detergent, or a combination thereof. A composition provided
herein may be present 1n the additive packages in an amount
of about 0.05% to about 50% by weight of the additive
package.

In embodiments, the additive packages comprise a first
composition comprising [1] a thiadiazole component con-
sisting of 5-(C,-C;, hydrocarbyl-disulfanyl)-1,3,4-thiadiaz-
ole-2-thiol and 2,5-b1s(C,-C,, hydrocarbyl-disultanyl)-1,3,
4-thiadiazole, [2] a solubility enhancing component
consisting of a dispersant, a detergent, or the dispersant and
the detergent, and [3] a first base oil; and one or more
additives; wherein the weight ratio of the solubility enhanc-
ing component to the thiadiazole component 1s about 1:99 to
about 90:10, and the weight ratio of the 5-(C,-C;, hydro-
carbyl-disulfanyl)-1,3,4-thiadiazole-2-thiol to the 2,5-bis
(C,-C;, hydrocarbyl-disulfanyl)-1,3,4-thiadiazole 1s about
20:80 to about 99.9:0.1, the first base o1l 1s present in the first
composition 1 an amount of about 0.01% to about 80% by
weilght of the first composition, and the first composition 1s
present in the additive package 1n an amount of about 0.05%
to about 50% by weight of the additive package.

In further embodiments, the additive packages comprise a
first composition comprising [1] a thiadiazole component
consisting of 5-(C,-C;, hydrocarbyl-disulfanyl)-1,3,4-thia-
diazole-2-thiol and 2,5-bis(C,-C;, hydrocarbyl-disulfanyl)-
1,3,4-thiadiazole, and [2] a solubility enhancing component
consisting of a dispersant, a detergent, or the dispersant and
the detergent; and one or more additives; wherein the weight
ratio of the solubility enhancing component to the thiadiaz-
ole component 1s about 1:99 to about 90:10, and the weight
ratio of the 5-(C,-C,, hydrocarbyl-disultanyl)-1,3,4-thiadi-
azole-2-thiol to the 2,5-bis(C,-C,, hydrocarbyl-disulfanyl)-
1,3,4-thiadiazole 1s about 20:80 to about 99.9:0.1, and the
first composition 1s present in the additive package 1n an
amount of about 0.05% to about 30% by weight of the
additive package.

In embodiments, the additive packages comprise a first
composition consisting essentially of [1] a thiadiazole com-
ponent consisting of 5-(C,-C,, hydrocarbyl-disultanyl)-1,3,
4-thiadiazole-2-thiol and 2,5-bi1s(C,-C,, hydrocarbyl-disul-
fanyl)-1,3,4-thiadiazole, [2] a solubility enhancing
component consisting of a dispersant, a detergent, or the
dispersant and the detergent, and [3] a first base o1l; and one
or more additives; wherein the weight ratio of the solubility

enhancing component to the thiadiazole component 1s about
1:99 to about 90:10, and the weight ratio of the 5-(C,-C,,

hydrocarbyl-disultanyl)-1,3,4-thiadiazole-2-thiol to the 2,5-
b1s(C,-C,, hydrocarbyl-disulfanyl)-1,3,4-thiadiazole 1s
about 20:80 to about 99.9:0.1, the first base o1l 1s present 1n
the first composition 1n an amount of about 0.01% to about
80% by weight of the first composition, and the first com-
position 1s present 1n the additive package 1n an amount of
about 0.05% to about 50% by weight of the additive
package.

In further embodiments, the additive packages comprise a
first composition consisting essentially of [1] a thiadiazole
component consisting of 5-(C,-C;, hydrocarbyl-disulfanyl)-
1,3,4-thiadiazole-2-thiol and 2,5-bis(C,-C,, hydrocarbyl-
disulfanyl)-1,3,4-thiadiazole, and [2] a solubility enhancing
component consisting of a dispersant, a detergent, or the
dispersant and the detergent; one or more additives; and a
base o1l; wherein the weight ratio of the solubility enhancing
component to the thiadiazole component 1s about 1:99 to
about 90:10, and the weight ratio of the 5-(C,-C,, hydro-
carbyl-disulfanyl)-1,3,4-thiadiazole-2-thiol to the 2,5-bis
(C,-C;, hydrocarbyl-disulfanyl)-1,3,4-thiadiazole 1s about
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20:80 to about 99.9:0.1, and the first composition 1s present
in the additive package i an amount of about 0.05% to
about 50% by weight of the additive package.

Methods

Also provided herein are methods of forming a thiadiaz-
ole component, and methods of forming compositions com-
prising a thiadiazole component and a solubility enhancing,
component.

In embodiments, the methods of forming a thiadiazole
component comprise providing a mixture comprising a
C,-C,, hydrocarbyl thiol, 2,5-dimercapto-1,3,4-thiadiazole,
and a polar liquid, and contacting the mixture with hydrogen
peroxide to form the thiadiazole component, wherein the
thiadiazole component comprises 5-(C,-C,, hydrocarbyl-
disulfanyl)-1,3,4-thiadiazole-2-thiol and 2,5-b1s(C,-C;,
hydrocarbyl-disultanyl)-1,3,4-thuadiazole at a weight ratio
of about 20:80 to about 99.9:0.1 of the 5-(C,-C,, hydrocar-
byl-disulfanyl)-1,3,4-thiadiazole-2-thiol to the 2,5-bis(C,-
C;o hydrocarbyl-disulfanyl)-1,3,4-thiadiazole. In one
embodiment, the molar ratio of the C,-C,, hydrocarbyl thiol
to the 2,5-dimercapto-1,3,4-thiadiazole 1n the mixture 1s
about 0.8:1 to about 2:1. In a further embodiment, the molar
ratio of the C,-C,, hydrocarbyl thiol to the 2,5-dimercapto-
1,3,4-thiadiazole in the mixture 1s about 0.8:1 to about
1.74:1. In another embodiment, the molar ratio of the C,-C,,
hydrocarbyl thiol to the 2,5-dimercapto-1,3,4-thiadiazole in
the mixture 1s about 1:1 to about 1.8:1. In yet another
embodiment, the molar ratio of the C,-C,, hydrocarbyl thiol
to the 2,5-dimercapto-1,3,4-thiadiazole 1n the mixture 1s
about 1:1 to about 1.74:1. In a certain embodiment, the
molar ratio of the C,-C,, hydrocarbyl thiol to the 2,5-
dimercapto-1,3,4-thiadiazole 1n the mixture 1s about 1:1 to
about 1.5:1. In a particular embodiment, the molar ratio of
the C,-C,, hydrocarbyl thiol to the 2,5-dimercapto-1,3,4-
thiadiazole 1n the mixture 1s about 1.1:1 to about 1.4:1.

In embodiments, the C,-C;, hydrocarbyl thiol comprises
a C.-C,; hydrocarbyl thiol, a C.-C.,, hydrocarbyl thiol, or a
Cy-C, s hydrocarbyl thiol. In one embodiment, the C,-C;,
hydrocarbyl thiol comprises a C-C, < hydrocarbyl thiol, and
the thiadiazole component comprises 5-(C.-C,. hydrocar-
byl-disultanyl)-1,3,4-thiadiazole-2-thiol and 2,5-b1s(C<-C, <
hydrocarbyl-disulfanyl)-1,3,4-thiadiazole. In one embodi-
ment, the C,-C;, hydrocarbyl thiol comprises a C,-C,,
hydrocarbyl thiol, and the thiadiazole component comprises
3-(C4-C,, hydrocarbyl-disulfanyl)-1,3,4-thiadiazole-2-thiol
and 2,3-bis(C,4-C,, hydrocarbyl-disulfanyl)-1,3,4-thiadiaz-
ole. In one embodiment, the C,-C,, hydrocarbyl thiol com-
prises a Cq4-C, ; hydrocarbyl thiol, and the thiadiazole com-
ponent comprises S5-(Cq-C, ¢ hydrocarbyl-disulfanyl)-1,3.4-
thiadiazole-2-thiol and  2,5-b1s(Ci-C,;  hydrocarbyl-
disulfanyl)-1,3,4-thiadiazole.

In embodiments, the C,-C,, hydrocarbyl thiol comprises
a t-nonylthiol, and the thiadiazole component comprises
S-(t-nonyldisulianyl)-1,3,4-thiadiazole-2-thiol and 2,5-bis(t-
nonyldisulfanyl)-1,3.,4-thiadiazole.

In embodiments, the C,-C,, hydrocarbyl thiol comprises
a t-dodecylthiol, and the thiadiazole component comprises
S-(t-dodecyldisulfanyl)-1,3,4-thiadiazole-2-thiol and 2,5-b1s
(t-dodecyldisulfanyl)-1,3,4-thiadiazole.

Generally, the polar liquid may be any that permits the at
least partial reaction of the starting materials. The polar
liguid may comprise water, a C,-C, 5 alcohol, such as etha-
nol, propanol, butanol, etc., or a combination thereof. In one
embodiment, the polar liquid 1s water. In another embodi-
ment, the polar liquid 1s a mixture of ethanol and water. The
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polar liquid also may include THE, ethyl acetate, dimethyl-
tormamide (DMF), C,-C,, alcohol, water, or a combination

thereof.

The contacting step 1n which the mixture of contacted
with hydrogen peroxide generally may be performed at any
time, temperature, and pressure that permits the at least
partial reaction of the starting materials. In one embodiment,
the contacting step 1s performed at ambient temperature and
at ambient pressure. The contacting step may be exothermic,
and the temperature may be allowed to rise without limita-
tion, or the rising temperature may be controlled. For
example, the rising temperature may be controlled by cool-
ing the reactants, altering the rate at which the reactants
contact hydrogen peroxide, or a combination thereof. Upon
contacting the reactants with substantially all of the hydro-
gen peroxide, the reactants may be heated, for example, to
reflux. The reactants may be heated for a time of about 30
minutes to about 5 hours. In one embodiment, the reactants
are heated to reflux for about 2 hours.

The hydrogen peroxide may be added as an aqueous
solution of hydrogen peroxide. The aqueous solution of
hydrogen peroxide may have a concentration of hydrogen
peroxide of about 10% to about 70% by weight. In one
embodiment, the aqueous solution of hydrogen peroxide has
a concentration of hydrogen peroxide of about 35% to about
65% by weight.

In embodiments, the methods of forming a composition
comprise providing a thiadiazole component comprising
5-(C,-C;, hydrocarbyl-disultfanyl)-1,3,4-thiadiazole-2-thiol
and 2,5-bi1s(C,-C;, hydrocarbyl-disulfanyl)-1,3,4-thiadiaz-
ole at a weight ratio of about 20:80 to about 99.9:0.1 of the
5-(C,-C, hydrocarbyl-disultanyl)-1,3,4-thiadiazole-2-thiol
to the 2,5-b1s(C,-C,, hydrocarbyl-disultanyl)-1,3,4-thiadi-
azole; providing a solubility enhancing component compris-
ing a dispersant, a detergent, or a combination thereof; and
combining the thiadiazole component and the solubility
enhancing component to form the composition.

The thiadiazole component, the solubility enhancing com-
ponent, or both the thiadiazole component and the solubility
enhancing component may comprise one or more additives.
The one or more additives may be a diluent, such as a base
o1l.

The thiadiazole component and the solubility enhancing
component may be combined 1n any order and by any means
known 1n the art. In one embodiment, combining the thia-
diazole component and the solubility enhancing component
comprises disposing the thiadiazole component and the
solubility enhancing component in a base oil.

It must be noted that, as used 1n the specification and the
appended claims, the singular forms “a,” “an,” and “‘the”
include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to “an aromatic
compound” 1ncludes mixtures of aromatic compounds, and

the like.

EXAMPLES

The present invention 1s further illustrated by the follow-
ing examples, which are not to be construed 1n any way as
imposing limitations upon the scope thereof. On the con-
trary, 1t 1s to be clearly understood that resort may be had to
various other aspects, embodiments, modifications, and
equivalents thereof which, after reading the description
herein, may suggest themselves to one of ordinary skill in
the art without departing from the spirit of the present
invention or the scope of the appended claims. Thus, other
aspects of this invention will be apparent to those skilled 1n
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the art from consideration of the specification and practice of
the invention disclosed herein.

Example 1

Preparation of Thiadiazole Component with
t-Nonyl Thiol

In this example, 7.5 g of 2,5-dimercapto-1,3,4-thiadiazole
(hereinatter “DMTD”) powder (R. T. Vanderbilt) and 12 g of
tert-nonyl thiol (SULFOLE® 90, Chevron Phillips Chemi-
cal, USA) were added to a round bottom flask equipped with
a thermometer. Therefore, the molar ratio of tert-nonyl thiol
to DMTD was 1.5:1.

12.5 mL of ethanol and 12.5 mL of water were added to
the round bottom flask. The mixture was stirred. Hydrogen
peroxide then was added dropwise to the mixture while
stirring.

The reaction was exothermic, and the addition rate was
controlled to maintain a temperature below 50° C. When the
addition of hydrogen peroxide was completed, the reaction
was heated to reflux for 2 h.

The reaction was monitored by Thin Layer Chromatog-
raphy (TLC). The absence of tert-nonyl thiol indicated the
completion of the reaction. The reaction was cooled to
ambient temperature, and then was transferred to a separa-
tory funnel and phase separation was allowed.

The bottom phase was collected, and then heated to 120°
C. and vacuumed to remove ethanol and water to afford 18
g of a thiadiazole component that included 2,3-bis(tert-
nonyl-disulfanyl)-1,3,4-thiazole and 3-(tert-nonyl-disulia-
nyl)-1,3,4-thiazole-2-thiol.

A solution o1 0.5% wt of the thiadiazole component of this
example 1n Motiva STAR 4 base o1l was hazy. Similarly, a

solution of 0.5% wt of the thiadiazole component product 1n
this example 1n SPECTRASYN™ PAO 4 (ExxonMobil,

USA) base o1l was hazy.

Example 2

Preparation of Thiadiazole Component with
t-Dodecyl Thiol

In this example, a two-necked 500 mL round bottom flask
equipped with a thermometer was charged with 30 g of
DMTD, 48.6 g of tert-dodecyl mercaptan, and 100 mL of
cthanol. Therefore, in this example, the molar ratio of
tert-dodecyl thiol to DMTD was 1.2:1.

The mixture was stirred, and, while stirring, hydrogen
peroxide was added dropwise to the mixture. The reaction
was exothermic, and the addition rate was controlled to
maintain a temperature below 35° C. An 1ce-bath was used
to help control the temperature. When the addition of
hydrogen peroxide was complete, the 1ce-bath was removed.

The reaction then was heated to reflux for 2 h. The
reaction was monitored by TLC. When the reaction was
complete, the fluid was transferred to a separatory funnel
and phase separation was allowed. The bottom phase was
collected, and heated to 120° C. and vacuumed to remove
cthanol and water to give 75 g of a thiadiazole component
that included 2,3-bis(tert-dodecyl-disulfanyl)-1,3,4-thiazole
and 5-(tert-dodecyl-disulfanyl)-1,3,4-thiazole-2-thiol.

A solution of 0.5% wt of the thiadiazole component of this
example 1n Motiva STAR 4 base o1l was hazy. Similarly, a
solution of 0.5% wt of the thiadiazole component of this
example 1n SPECTRASYN™ PAO 4 (ExxonMobil, USA)

base o1l was hazy.
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Example 3

Preparation of Oi1l-Soluble Yellow Metal
Deactivator Compositions

In this example, compositions were prepared that
included [1] a succinimide dispersant, specifically IPAC
2310K (International Petroleum Products and Additives
Company, Inc.), [2] Motiva STAR 4 base oil, and [3] the
thiadizole component of Example 2.

The 100 g compositions of this example were made by
blending for 1 hour at ambient temperature the components
summarized at Table 1.

TABLE 1

Oil-Soluble Yellow Metal Deactivator Compositions

Composition Thiadiazole Com. IPAC 2310K  Motiva STAR 4

No. (g) (g) (g)
1 50.0 1.0 49.0
2 50.0 2.0 48.0
3 50.0 5.0 45.0
4 50.0 10.0 40.0

Therefore, the weight ratio of IPAC 2310K to the thi-
adizole component was 1:50, 2:30 (1:25), 5:50 (1:10), and
10:50 (1:5) for Compositions 1, 2, 3, and 4, respectively.

Solutions of 1 weight % of Compositions 1, 2, 3, and 4 in

Motiva STAR 4 base o1l were all clear. Similarly, solutions
of 1 weight % of Compositions 1, 2, 3, and 4 in SPECTRA-
SYN™ PAQO 4 (ExxonMobil, USA) base o1l also were clear.

Example 4

Preparation of Oi1l-Soluble Yellow Metal
Deactivator Compositions

In this example, compositions were prepared that
included [1] a succinimide dispersant, specifically IPAC
2310K (International Petroleum Products and Additives
Company, Inc., USA), [2] Motiva STAR 4 base o1l, and [3]
a thiadizole component prepared according to the proce-
dures of Example 2 with a 1:1 molar ratio of tert-dodecyl
thiol and DMTD.

The 100 g compositions of this example were made by
blending for 1 hour at ambient temperature the components
summarized at Table 2.

TABLE 2

O1l-Soluble Yellow Metal Deactivator Compositions

Composition Thiadiazole Com. IPAC 2310K  Motiva STAR 4

No. (g) (g) (g)
5 50.0 10.0 40.0
6 50.0 25.0 25.0
7 50.0 48.0 2.0

Therefore, the weight ratio of IPAC 2310K to the thiadi-
azole component was 10:50 (1:5 or 16.67:83.33), 25:50 (1:2
or 33.3:66.6), and 48:50 (24:25 or 48.97:31.02) for Com-
positions 35, 6, and 7, respectively.

Solutions of 1 weight % of Compositions 5, 6, and 7 1n

Motiva STAR 4 base o1l were all clear. Similarly, solutions
of 1 weight % of Compositions 5, 6, and 7 1n SPECTRA-

SYN™ PAQO 4 (ExxonMobil, USA) base o1l also were clear.
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Example 5

Copper Corrosion Tests

Copper corrosion tests on sulfurized 1sobutylene (herein-
after “SIB”") were conducted pursuant to ASTM D130. The
samples of this example were made by top treating 5.0
weight % of SIB 1n Motiva STAR 4 based o1l with a yellow
metal deactivator (heremafter “YMD”). The tests were run
at 140° C. for 1 hour. The results of the tests are depicted at
Table 3.

TABLE 3

Results of Copper Corrosion ‘Tests

YMD

CUVAN ® 4384 Alkyl

YMD  2,5-bis(t-dodecyl- Thiadiazole
Amount disulfanyl)-1,3.4- (Vanderbilt Composition 2
(ppm) thiadiazole Chemicals, LLC) (Example 3)
0 4a 4a 4a
1000  4a 3b 1b
2000  3b 1b 1b
The 2,5-bis(t-dodecyl-disultfanyl)-1,3,4-thiadiazole of

this example was made by hydrogen peroxide oxidation of
tert-dodecyl thiol with DMTD, as described at Example 2.
The molar ratio of tert-dodecyl thiol to DMTD was 2:1.

Example 7

Copper Corrosion Tests

Copper corrosion tests on di-tert-butyl polysulfide (here-
mafter “PS”) were conducted pursuant to ASTM D130. The
samples of this example were made by top treating 5.0
weight % of PS 1n Motiva STAR 4 based o1l with a YMD.
The tests were run at 121° C. for 3 hours. The results of the
tests are depicted at Table 4.

TABLE 4

Results of Copper Corrosion Tests

YMD
YMD CUVAN ® 484 Alkyl
Amount Thiadiazole (Vanderbilt Composition 2
(ppm) Chemicals, LLC) (Example 3)
0 4a 4da
500 3b 1b

Example 6

Copper Corrosion Tests

Copper corrosion tests on elemental sulfur were con-
ducted pursuant to ASTM DI130. The samples of this

example were made by top treating 100 ppm of elemental
sulfur 1n Motiva STAR 4 based o1l with a YMD. The tests
were run at 140° C. for 1.5 hours. The results of the tests are

depicted at Table 5.
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TABLE 5

Results of Copper Corrosion Tests

YMD
YMD CUVAN ® 484 Alkyl
Amount Thiadiazole (Vanderbilt Composition 2
(ppm) Chemuicals, LLC) (Example 3)
1000 3b 2b
We claim:

1. A composition comprising:

a thiadiazole component comprising 5-(C,-C;, hydrocar-
byl-disulfanyl)-1,3,4-thiadiazole-2-thiol and 2,5-bis
(C,-C5, hydrocarbyl-disulianyl)-1,3,4-thiadiazole; and

a solubility enhancing component comprising a disper-
sant, wherein the dispersant comprises a 1-(amino-C,-
C, hydrocarbyl)-3-hydrocarbylpyrrolidine-2,5-dione
having the following structure—

wherein R” is a monovalent hydrocarbyl having a molecu-
lar weight of about 500 to about 2500, R* is a divalent
C,-C, hydrocarbyl, and a 1s 1 to 100;

wherein the weight ratio of the solubility enhancing
component to the thiadiazole component 1s about 1:99
to about 10:90,

the weight ratio of the 5-(C,-C;, hydrocarbyl-disulfanyl)-
1,3,4-thiadiazole-2-thiol to the 2,5-bis(C,-C,, hydro-
carbyl-disulfanyl)-1,3,4-thiadiazole 1s about 60:40 to
about 95:5, and

wherein the composition 1s at least substantially soluble 1n

a group Il or a group IV base o1l at a concentration of
the composition of about 0.01% to about 1% by weight,
based on the combined weight of the composition and
the base oil.

2. The composition of claim 1, wherein the thiadiazole
component comprises 5-(C,-C, o hydrocarbyl-disulfanyl)-1,
3.,4-thiadiazole-2-thiol and 2,5-b1s(C,-C, s hydrocarbyl-dis-
ultanyl)-1,3,4-thuadiazole.

3. The composition of claim 1, wherein the thiadiazole
component comprises 5-(t-nonyldisulfanyl)-1,3,4-thiadiaz-
ole-2-thiol and 2,5-bis(t-nonyldisulfanyl)-1,3,4-thiadiazole.

4. The composition of claiam 1, wherein the thiadiazole
component comprises S-(t-dodecyldisultanyl)-1,3,4-thiadi-
azole-2-thiol and 2,5-bis(t-dodecyldisultanyl)-1,3,4-thiadi-
azole.

5. The composition of claim 1, wherein the solubility
enhancing component consists of the dispersant.

6. The composition of claim 1, wherein the dispersant 1s
a borated dispersant, and boron is present in the borated
dispersant in an amount of about 0.01% to about 5.0% by
weight of the borated dispersant.

7. The composition of claim 1, wherein R, 1s a divalent C,
hydrocarbyl.

8. The composition of claim 1, wherein a 1s 1 to 10.

9. The composition of claim 1, wherein the thiadiazole
component consists of the 5-(C,-C,, hydrocarbyl-disulia-
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nyl)-1,3.4-thhadiazole-2-thiol and the 2,5-b1s(C,-C;, hydro-
carbyl-disulfanyl)-1,3,4-thiadiazole, and the solubility
enhancing component consists of the dispersant.

10. A lubricating composition or a grease composition
comprising;

a first composition consisting essentially of [1] a thiadi-

azole component consisting of 35-(C,-C,, hydrocarbyl-

disultanyl)-1,3,4-thiadiazole-2-thiol and 2,5-b1s(C,-
C;o hydrocarbyl-disulfanyl)-1,3,4-thiadiazole, and [2]
a solubility enhancing component consisting of a dis-
persant, wherein the dispersant comprises a 1-(amino-
C,-C, hydrocarbyl)-3-hydrocarbylpyrrolidine-2,5-di-
one having the following structure—

O
4 H,
S ;N{R\N’y
8|
1
R3 O
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wherein R” is a monovalent hydrocarbyl having a molecu-
lar weight of about 500 to about 2500, R* is a divalent

C,-C, hydrocarbyl, and a 1s 1 to 100; and
a first base oil, wherein the first composition 1s at least
d substantially soluble 1n the first base oi1l, and the first
base o1l comprises a group 11 base o1l or a group IV base
o1l;
wherein the weight ratio of the solubility enhancing
component to the thiadiazole component 1s about 1:99
L0 to about 10:90, and the weight ratio of the 5-(C,-C,,
hydrocarbyl-disulfanyl)-1,3,4-thiadiazole-2-thiol to the
2,5-b1s(C,-C;, hydrocarbyl-disulfanyl)-1,3,4-thiadiaz-
ole 1s about 60:40 to about 95:5, and the first compo-
sition 1s present in the lubricating composition in an
15 amount of about 0.01% to about 1% by weight of the
lubricating composition.

11. The lubricating composition or the grease composition
of claim 10, wherein the first composition includes a second
base o1l that 1s present in the first composition 1n an amount

20 of about 0.01% to about 80% by weight of the first com-
position.
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